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DATA FORM 1 

WETLAND DETERMINATION 

Applicant 
Name: U.S. Marine Corns 

Application 
Number: 

Project Cherry Point Marine 
Name: Air Station 

State: N.C. County: Craven Co. N.C. Legal Description: Range: 
Date: April 13. 1995 Plot No.: wb D 6 / Section: 

Lye r/o4 
/a ‘Oh yzc AdTLJ 5-j/& QF /k //A -c 

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 

Indicate species with observed morphological or known physiological adaptations with an asterisk. 

Indicator 
Species 

Indicator 
Status Species Status 

Trees 
1. @%J~ FbL Herbs 

L,- Zad f- I-/ 

3 _. T;cu@J- Lv 

3. 

Saplings/shrubs Woodv vines 
4. /cd-e6 FkC ozf~c- 

F 

10. & fw=Ld”~ 
j ,-,_C~T 9 ~ m?cd 

11. 
6. 12. 
% of species that are OBL, FACW, and/or FAC: /m 0 o/ Other indicators: 

Hydrophytic vegetation: Yes W’ No 

Seties and phase: rfi’kA-yz--J ~+r# %-I+ On hydl+c soils fist? Yes No - . 
Aloriiec!: k’s Y ;No 

Gleyed: Yes v No -1 

.Mottle coior: 6 Y@ Tr4 ; Matrix color: 10 ~‘4 -Z L 

Other indicators: gk*A 4 ( ” b.07 ~‘~,~zo~~~,-TJ. 0~9 

Hydric soils: Yes No w-’ ; Basis: wn-h {N&tml- Crc, 
I 

v-r---i -$Lwejd .d z 

Hvdroloz\, 

Inundated: F.es $0 J Depth of standing water: 
Saturated soils: Yes J yo -9 -’ Depth to saturated soil: LVPJ‘~J IV\ L, /d fi 7 ” . 

Other indicators: 
r4 P uJ*ft,., &- >-*fl *d - 

Wetland hydrology: Yes J ; No Basis: ~~~~~~ J-LJJL& . 
.4typical situation: Yes :No J 

X0rma.l Circumstances?: Yes /’ No . 
Wetland Determination: Wetland J ; Nonwetland 
Comments: 

Determined by: Robert Abemethv 

B5 



. 
DATAFORM 1 

. WETLAND DETERMINATION 

Applicant 
Name: U.S. Marine Corps 

Application 
Number: 

Project Cherry Point Marine 
Name: Air Station 

State: N.C. County: Craven Co. N.C. Legal Description: Range: 
Date: April . 1995 Plot No.: w?fD 6 / Section: 

b//o-J 
Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 

Indicate species with observed morphological or known physiological adaptations with an asterisk. 

Species 
Indicator 
Status Species 

Indicator 
S tam 

Saplinos/shrubs Woody vines 
4. A+ t%fCJJ v 10. * Q%dr’L-YC F#-c- 

5. 11. 

6. 12. 
% of species that are OBL. FACW, and/or FAC: rO%. Other indicators: 

Hydrophytic vegetation: Yes No t/ . B&s: j7-c &e;haar Ca 1”” rfi+ 4 
~Ud~~~ L&d O&L p&c u 0-t 

soil go& ~/dgr;yJ 1 CL fj-iu%F-fi c 

Series and phase: 5-m On hydric soils list? Yes No -’ 
?vlottied: Yes .No !/ -7 -. Mottle color: ; Matrix color: /o YR 6 3 k_fiL-r 

Gleyed: Yes No d’ . Other indicators: A/B *rn-/*r a 3O/r?Lhf 

Hydnc soils: Yes No J ; Basis: /f; h-r) 2 I,-C L.S 9rry r-4 /u Y&s-// 
/VP or9*e//'y 

Hvdrolozk 
yrd- /o InthJ a& /b yq&f-,, y”“R+Ly 

Inundated: Yes No v Depth of standing water: 
Saturated soils: Yes -No p -7 -. Depth to saturated soil: 
Other indicators: /l/b FA?+-yJi~lbd J 3@ I-c 4 

Wetland hydrology: Yes ;No f? . Basis: 
Atypical situation: Yes ;No I/-, . o/c’ co 2 3a /nc 4J 

Normal Circumstances?: Yes J No . 
Wetland Determination: Wetland ; Nonwetland V’ 
Comments: 

j&J T*/L-+ s’J-- 
,&L/f AL Determined by: Robert Abe methv 

g-- y~v~~c~ 



DATA FORM 1 

WETLAND DETERMINATION 

Applicant Application 
Name: U.S. Marine Corns Number: 

Project Cherry Point Marine 
Name: Air Station 

State: N.C. County: Craven Co. N.C. Legal Description: Range: 
Date: April /f , 1995 Plot No.: w*J- D 1 yla-yc Section: 

Serb-L p;L hw-&A/ LyL-d( 
Veoetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 

Indicate species with observed morphological or known physiological adaptations with an aster& 

Snecies 
Lndicator 
Status 

% of species that are OBL, FACW, and/or FAC. 9r%Other indicators: -- 
Hydrophyuc vegetation: Yes d No . Basis: > 53 % fG < 

Mottled: Yes 

Gleyed: k’es 

Hydnc soils: 

Inundxek ‘r-es X0 P’ Depth oi standIn water: 

Sarurxe5 soils: I-es h-0 v’ -1 Depth LO saturated soil: /?A J’a7--uvflt/-o Y q 2 +f/-C4 

Other indicators: 

Wetland hydrology: Yes ;so l. Basks: NU &~UKO/-/\b - z-%/cl&y 
Atypical situation: Yes ;xo --. 

Normal Circumstances?: Yes /No 
Wetland Determination: Wetland 

Comments: 
; Nonwetland 

JWCJ 
Determined by: Robert .4bemethv 

B5 





DATA FORM 1 

01/3 WETLAND DETERMINATION 

Name: U.S. Marine Corns 
Application Project Cherry Point Marine 
Number: Name: Air Station 

State: N.C. County: Craven Co. N.C. Legal Description: Range: 

Date: .4Dd 13. 1995 Plot No.: ti*Ta 1 w&r/a* 44 Section: 

4L47~~&~S/op4 Ffom WJT-21 

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 3 layers)]. F/-s 

Indicate species with observed morphological or known physiological adaptations with an asterisk. 

6,h--f9~-7 F&c + 12. 

%I of species that are OBL, FACW, and/or FAC: /eu . Other indicators: 

Hydrophytic vegetation: Yes J No . Basis: 

soil 

Series and phase: 5+P Ju.D On hydric soils list? Yes No ‘-6 
Mottled: Yes .No I/ -* -. LMottle color: ; Matrix color: /a U!? 2 / 

Gleyed: Yes No - Other indicators: 6 ,; = h , f A% CL o#ja -I‘c IWC & QUdwJ re* 4 

Hydric soils: Yes L/ No ; Basis: B&L oqc..,-c -L/c.L BV+V S,.../‘f 

Inundated: Yes m No J 5 er: -* /d ;UIL&~ 70 Mm*/ I’- LoA 

Saturated soils: Yes . No -1 -’ Depth to saturated soil: B 1-c A J 70 10 PU /a ti.a y 

Other Indicators: 

Wetland hydrology: Yes J ; No Basis: ~‘*TvH-~,‘uII 1-b -,u /;I /MC AJ 

Atypical situation: Yes t/ ;Ko 

normal Circumstances?: Yes c/ Pi0 . 
Wetland Determination: Wetland J ; Nonwetland 

Comments: 

Determined by: Robert Abemethv 

B5 
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PLANT SPECIES OBSERVED ON MCAS CHERRY POINT OU-2 
DURING APRIL 12 and 13, 1995 SITE VISIT 

Common Name 

Alder 
American elm 
American holly 
Bald cypress 
Blackberry 
Black cherry 
Black gum 
Black willow 
Blue flag iris 
Broom sedge 
Cat brier 
Cattail 
Cinnamon fern 
Cow itch vine 
Dogwood 
Eastern red cedar 
Fescue 
Giant cane 
Gbldenrod 

Groundsel-tree 

Jewel-weed 

Lizard’s tail 

Loblolly pine 

Marsh mallow 

Muscadine grapevine 

Netted chain fern 

Poke 

Red maple 

Royal fern 

Pignut hickory 

Sedge 

Southern red oak 

Sweet bay 

Sweetgum 

Tulip poplar 

Virginia creeper 

Wax myrtle 

Key to Plant Communities: 

Scientific Name 

Alnus sp. 

Ulmus americana 
llex opaca 
Taxodium distichum 
Rubus sp. 
Prunus serotina 
Nyssa sylvatica 
Salix niQ r a 
Iris virginica 
Andropogon sp. 
Smilax sp. 
Typha sp. 
Osmunda cinnamomea 
Campsis radicans 
Cornus florida 
Juniperus virginiana 
Festuca sp. 
Arundinaria Qigantea 
Solidago s p . 

Baccharis halimifolia 
lmpa tiens s p . 
Saururus cernuus 

Pinus taeda 
Hibiscus sp. 

Vitis s p . 

Woodwardia areolata 

Ph ytolacca americana 

Acer rubrum 

Osmunda regalis 
Carya glabra 

Juncus effusus 
Quercus falca ta 

Magnolia vIrginiana 

Liquidambar stvraciflua 

Liriodendron tuliperfera 

Parthenocissus 
quinque folia 

Myrica cerifera 

1. Old Field 
2. Second Growth Loblolly Pine 
3. Coastal Plain Small Stream Swamp 

Plant Communitv 

3 

4 

4 

3 

1 

1 

3 

1,3 

3 

1 

1,3,4 
I,3 
3 

1 

4 

1 A4 
105 

3,4 
1 
1 
3 

3 

1,2,3.4 

6 

3,4 

3,4 

1 

3,4 

3 

4 

1 
4 

3,4 

3,4 

3.4 

3,4 

1,3,4 

4. Msric Mixed Hardwood Forest 
5. Mowed Gms Lawn 



DURING APRIL 12 and 13, 1995 SITE VISIT 

Common Name 

MAMMALS 
Beaver 
Eastern cottontail 
Gray squirrel 
Raccoon 
White-tailed deer 

BIRDS 
American crow 
Blue-gray gnatcatcher 
Brown thrasher 
Canada Qoose 
Carolina chickadee 
Carolina wren 
Common grackle 
Killdeer 
Mockingbird 
Mourning dove 
Northern cardinal 
Osprey 
Pileated woodpecker 
Red-tailed hawk 
Ruby-crowned kinglet 
Turkey vulture 

REPTILES 
Green anole 
Eastern box turtle 

Key to Plant Communitir: 

Scientific Name 

Castor canadensis 3,4 
S ylvilagws floridanus 1,3,4 
Sciurus carolinensis 384 
Proc yon lotor 1,2,3,4 
Odocoileus virginiansis 1,234 

Corvus brachyrhynchos 1,2,3,4,5 
Polioptila caerulea 3,4 
Toxostoma rufum 3.4 
Bran ta canadensis 5 

Parus carolinensis 3,4 
Thryo th orus ludo vicianus 3,4 
Quiscalus quiscufa 3,4,5 
Charadrius vociferus 5 
Mimus poly~lottus 1 

Zenaida macroura 5 
Cardinalis cardinalis 3,4 
Pandion haliaetus 5 

Dryocopus pileatus 3.4 
Buteo jamaicensis 1,5 
Pegulus calendula 3,4 
Cathartes aura 1.2,3,4,5 

Anolis carolinensis 
Terrapene Carolina 

1. Old Fiild 

2. Second Growth Lobloliy Pine 
3. Coastal Plain Small Stmun Swamp 

Plant Community 

3 

3,4 

4. Music Mixrd Hardwood Forest 
5. Mowed Grass Lawn 
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Executive Summary 

Metal enriched sediments may pose a threat to both human 
health and to the ecology of aquatic systems. A recent repon has 
documented that sediments from Slocum Creek at Cherry Point, NC 
are significantly enriched by a variety of metals including mercury, 
chromium, cadmium, and lead, all of which are considered to be 
among the more toxic of the heavy metals. In response to that report, 
the Cherry Point Marine Air Station funded this study to examine the 
potential effects of heavy metal contaminants on the health of the 
biological resources in Slocum Creek. 

We began with a review of all available data on metal 
concentrations in the biotic and abiotic components of Slocum Creek. 
Data were available for fish, sediments and water collected in 1983, 
and for fish collected in 1985 and 1990. We found these data useful for 
comparing metal concentrations in fish from Slocum Creek to available 
standards for human health, but not for determining the availability of 
metals to fish or for determining whether fish from Slocum Creek were 
more contaminated than fish from nearby areas in which there was no 
significant metal enrichment. 

Guidelines or standards have been established in some political 
regions (state, country, etc.) to protect human health from metal 
contamination in fish. These guidelines, often presented as action 
limits or action levels, do not pinpoint concentrations with known 
toxicity to humans. Instead they represent estimates based on 
scientific data and mathematical models of toxicity projected over a 
lifetime of consumption. These models are generally conservative, 
designed to offer maximum protection for individuals consuming fish. 
There is no consensus on acceptable models for calculating human 
risk factors, thus acceptable concentrations for metals in consumable 
fish have not been agreed upon. As with many other states, the State 
of North Carolina does not have predetermined guidelines for taking 
action to protect human health from metal residues in fish. The State 
of North Carolina establishes action limits for metal residues in fish 
tissues on a case-by-case basis. Thus it is not possible to compare 
metal burdens in fish from Slocum Creek against North Carolina action 
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limits. The Federal Drug Administration has a published action limit for 
only one metal (mercury). 

None of the fish fillets collected in Slocum Creek during 198% 
1985, or 1990 exceeded the US Food and Drug Administration’s action 
limit for mercury. However, metal concentrations in fish from Sfocum 
Creek often exceeded guidelines used in other countries to protect 
human health. Country-specific guidelines for acceptable metal 
residues in human food stuffs vary widely, often by one to two orders of 
magnitude. Thus to assess metals in fish from Slocum Creek against 
the various international action limits, we made our comparisons based 
on the guidelines with the lowest and highest action limits in use 
throughout the world. Slocum fish samples from 1983, 1985, and 1990 
exceeded the minimum recommended international action limits for 
arsenic (10% of samples), chromium (40%), copper (IO%), lead (IO%), 
mercury (43%), and zinc (7%). Action levels of metals at the high end 
of the range used by the international community were exceeded only 
for copper (2% of the samples). 

We conducted ecological studies on Slocum Creek from 1991 to 
1993. The studies included both field and laboratory investigations to 
evaluate the ecological health of Slocum Creek and to define the 
geographic extent of sediment toxicity and elevated metal 
concentrations in fish. Our approach was to assess a variety of 
toxicological, ecological, physiological and pathological variables in 
samples collected from Slocum Creek and to compared them to 
samples collected at sites selected to represent non-metal enriched 
habitats of the lower Neuse River system. 

We tested the toxicity of surface waters from Slocum and 
Hancock Creeks to a number of biological organisms. We found no 
consistent “hot spots” of toxicity and noted no differences between 
creeks. However, many of the sediment samples collected in Slocum, 
Hancock, and Goose Creeks were toxic to a suite of biological 
organisms. Some sediment samples were rated as “extremely toxic”, 
while others were non-toxic to test organisms. The incidence of 
samples demonstrating toxicity was not higher in samples collected in 
Slocum Creek compared to Hancock and Goose Creeks even though 
sediments from Hancock and Goose Creeks are not enriched with 



. . . 
III 

metals. This suggests that sediment toxicity is widespread in the lower 
Neuse River system and that the toxicity is not related to metal 
enrichment. Total extractable metal concentrations in sediments did 
not correlate well with the toxicity of sediments to biological organisms 
used in our tests. This suggests that the toxicity may be due to the 
presence of other toxic substances (such as ammonia or hydrogen 
sulfide), complex interactions of multiple toxicants, or chemical and 
physical variables that affect the bioavailability of metals in sediments. 

Livers of brown bullheads from Slocum, Hancock, and Goose 
Creeks were analyzed for metals. Metal concentrations in fish from all 
three creeks were considered to be low. Average metal 
concentrations in brown bullheads from Slocum Creek were not 
different from those in the other two creeks. However, the proportion of 
fish from each creek that had detectable concentrations of metals did 
differ for some elements. We also found no differences in metal 
concentrations in brown bullheads collected from the East Prong, West 
Prong, and mainstem of Slocum Creek. These data support a 
hypothesis that metal concentrations in brown bullheads from Slocum 
Creek do not reflect the metal enrichment of sediments in the creek. 

Ecological assessments demonstrated no major differences 
among Slocum, Hancock, and Goose Creeks. The number of species 
collected was similar among creeks and similar to estuarine sites 
throughout Chesapeake Bay. Age composition, survival, and growth 
for brown bullhead and white catfish were similar among Slocum, 
Hancock, and Goose Creeks and similar to published results for other 
systems. Pumpkinseed growth differed significantly among creeks, but 
growth within Slocum Creek was better than published results from 
other coastal North Carolina populations. We found relatively few older 
pumpkinseed within Slocum Creek, which could be due to 
contaminants or to fishing pressure. 

Length-weight relationships for brown bullhead and white catfish 
were similar among creeks and to published results. The liver 
weight:body weight ratio, which is often elevated in fish exposed to 
metals and other contaminants, was low for brown bullhead in all three 
study creeks compared to other areas. Hematological and pathological 
evidence suggest that there are differences among fish from Slocum 
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Creek, Hancock Creek and the Neuse River at New Bern and Hog 
Island. However, the magnitude and pattern of these differences do 
not indicate that fish from Slocum Creek are unhealthy relative to fish 
from the other study sites. 

Our results suggest that the enhanced levels of metals present in 
the sediments of Slocum Creek have not resulted in ecological damage 
at the level of resolution used in our tests. We speculate that the 
metals present in the sediments of Slocum Creek are not readily 
available to fish or their prey. The bioavailability of metals from 
sediments in Slocum Creek is probably regulated by physical and 
chemical properties of the sediments which we have not attempted to 
define. Activities that might alter existing chemical and physical 
properties of sediments could increase the availability of metals to 
aquatic organisms and result in adverse ecological consequences. An 
understanding of factors controlling the bioavailability of metals from 
Slocum Creek sediments is recommended to assist in projecting 
potential impacts of future projects affecting Slocum Creek. 
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Background 

The Neuse River Basin, encompassing all or part of 18 counties, is 
the second largest river basin lying entirely within the State of North 
Carolina, with a drainage area estimated at 6,192 square miles. The 
watershed for the Neuse River lies within two of the State’s three 
physiographic regions. The upper third of the watershed lies within the 
Piedmont region andthe lower two-thirds lies within the Coastal Plain. 
The river traverses the fall line midway between Raleigh and Smithfield. 

The distribution of soil types and erosion of the soil from the Neuse 
River watershed are major factors contributing to both turbidity and color 
of the rivers and streams. in the Havelock area where this study was 
conducted, the land is largely swamp and pocosin. The soils contain a 
high percentage of organic matter and very little clay. Most streams 
within the area exhibit a dark brown stain resulting from the leaching of 
humic acids from the swampy areas. 

Our primary study site was Slocum Creek, which lies within Craven 
County and borders the town of Havelock and the Cherry Point Marine 
Air Station. Slocum Creek receives treated sewage and industrial 
effluent from the air station. The industrial effluent contains metal 
residues, fuels, oils and greases, and organics produced by activities 
such as electroplating, metal cleaning, conversion coating of aluminum, 
and engine testing (C.T. Main 1989). In addition, disposal sites adjacent 
to the creek received wastes including paints, organic solvents, waste oil 
and plating sludges from the early 1970s until 1984 (C.T. Main 1989). 
Wastewater from the town of Havelock, North Carolina also enters into 
Slocum Creek upstream of the Cherry Point outfall. 

Riggs (1991) reported significant metal enrichment in the 
sediments of Slocum Creek compared to other sites sampled in the 
lower Neuse River and its tributaries. Sediment enrichment factors 
varied considerably within Slocum Creek, with the highest enrichment 
factors occurring in the East Branch (East Prong) and the upper portion 
of mainstream Slocum Creek. Metals were enriched to a lesser degree 
in the surface sediments of the West Branch (Southwest Prong). Riggs 
(1991) calculated a mean enrichment factor (EF) compared to trimmed 
mean levels for the lower Neuse River for each element by segment of 
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Slocum Creek. Within East Branch, the EFs were: cadmium (14.4 X), 
molybdenum (4.2 X), chromium (6.5 X), mercury (2.6 X), lead (4.8 X), 
copper (7.5 X), nickel (2.2 X), and zinc (2.9 X). The enrichment factor 
was lower within mainstream Slocum Creek except for mercury (6.4 X). 
Riggs reported minimal enrichment of sediments in the lower portion of 
Slocum Creek and in Goose and Hancock Creeks, which served as 
reference sites in this study. 

The objectives of this study were: 

1. Synthesize available information on metal residues in fish, 
sediments and water in Slocum Creek. Provide an interpretive 
database on metal concentrations found in fish in Siocum Creek. 

2. Evaluate the ecological health.of the fish fauna within Slocum 
Creek. 

3. Detect the presence of biologically available contaminants 
through use of biomarkers and bioassay protocols. 

4. Determine the concentrations of metals in fish and other 
substrates to establish statistically valid estimates of degrees of 
geographical contamination. 

The work presented in this report represents a multifaceted 
approach to assessment of contaminants in Slocum Creek, including not 
only analytical chemistry but also indicators of fish and community ’ 
health. The report is organized into five sections addressing various 
aspects of the study. Each section is written to stand relatively alone 
with its own introduction, methods, results, and discussion sections, as 
well as literature cited and appendices as appropriate. A brief final 
section highlights the overall findings of the studies and makes 
recommendations to assist in the design of operational activies of the 
Marine Corp Air Station at Cherry Point regarding Slocum Creek. 



A-3 

Literature Cited 

C.T. Main, Inc. 1989. Engineering report for sewage and industrial 
waste treatment: Contract No. N62470-88-R-5865 with the U.S. 
Marine Corps, Cherry Point, NC. (Cited in Riggs et al. 1990). ’ 

Riggs, S.R., J.T. Bray, E.R. Powers, J.C. Hamilton, D.V. Ames, D.D. 
Yeates, K.L. Owens, S.L. Lucas, J.R. Watson, and H.M. 
Williamson. 1991. Heavy metal in organic-rich muds of the Neuse 
River Estuary System. Albemarle -Pamlico Estuarine Study, East 
Carolina University, Greenville, N.C. Project No. 90-07 



Note: This chapter is presented as it was originally submitted to the 
Marine Corps in the first project report. Because this chapter was 
originally written to stand alone, it includes an executive summary 
specific to the chapter. 
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The Cherry Point Marine Air Station near Havelock, North Carolina is 
located on a peninsula bounded by Slocum Creek on the west, the 
Neuse River on the north, and Hancock Creek on the east. Industrial 
and domestic waste and surface runoff from the Air Station have 
been channeled into Slocum Creek after receiving various degrees of 
treatment including the removal of some toxic substances. Concerns 
about the potential accumulation of toxic materials in Slocum Creek 
prompted three exploratory surveys of biotic and abiotic components 
of the creek. In 1983, fish, sediments and water were collected and 
analyzed for organic and inorganic contaminants. Fish were again 
sampled in 1985 and 1990 and analyzed for metals. 

Metal analyses were conducted at three laboratories. Some details of 
the analyses have been lost or are uncertain. However, the analytical 
methods employed were based on inductively coupled plasma or 
atomic absorption spectroscopy following sample digestion in weak 
acids. These methods .were appropriate for assessing potential 
contamination of ecological systems. No significant irregularities in 
the analytical data were noted. . 

The sampling protocols for 1983, 1985, and 1990 lacked a 
statistically valid sampling design to do more than indicate the 
presence of metal contaminants in Slocum Creek. Therefore, it is not 
possible to use existing data to identify sources of contaminants 
within the Slocum Creek watershed, compare .contaminant burdens 
among fish species or age classes, or compare differences among 
years on collection locations. 

- 

There is no manual or concen:us of opinion on acceptable metal 
residues in fish that governs the actions of state agencies responsible 
for protecting fish-consuming populations from metal contaminants. 
The State of North Carolina has no predetermined guidelines for 
action limits (maximum allowable concentrations for human 
consumption) of metals in fish from the State’s waters. North 
Carolina establishes action limits for contaminants in fish tissues on a 
case-by-case basis. Thus it is not possible to compare metal burdens 
in fish from Slocum Creek against North Carolina action limits. Some 
states have established action lir& but a published report 
compiling and assessing these guidelines is not available. The 
Federal Drug Agency has a published action limit for only one metal 
(mercury). 
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International action limits for metals in fish for human consumption 
have been compiled. These action limits are not uniform among 
nations and may vary by up IO two orders of magnitude. 
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When compared to the lowest international action limit for each 
metal, fish fillets from Slocum Creek exceeded the limit for arsenic 
(10% of the 42 fillet samples), chromium (40%), copper (lo%), lead 
(lo%), mercury (43%) and zinc (7%). Only copper (2%) exceeded the 
higher international action limits. None of the fillets exceeded the 
FDA action limit of 1 ppm for mercury. 

.-. 
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The objectives of this project were’ twofold. The first was to compile 
available databases on metal contaminants in Slocum Creek and to 
reduce this information to tables for easy reference. The second was 
to provide an interpretive information base for metal residues in fish 
fillets from Slocum Creek for comparison with action limits 

_. established to protect human health. 

EXISTING DATABASE ON METALS IN SLOCUM CREEK 

SamDIe CollectionS 

‘z- 
Fish, sediment, and water samples were analyzed from collections 
made in 1983. Fish samples were sampled again in 1985 and 1990. 
The existing database is a compilation of contaminant surveys 
conducted to gain insight into the possible contamination of the 
Slocnm Creek system. The database is composed of chemical data on 
a limited number of samples collected in a relatively independent 
manner. There was no attempt to standardize collection locations or 
fish species. The sampling design does not allow for further 
objectives, such as comparison among years or locations. 

Even though statistical comparisons among locations is not advisable, 
it is desirable to present the metal data with some reference to 
sample locations. To facilitate this, Slocum Creek was arbitrarily 
divided into three zones (Figure 1). These zones represent about 
equal division of Slocum Creek between its junction with the Neuse 
River and Highway 70. The major biological division between these 
zones is the salinity gradient, which may be expected to affect 
species distribution and ppssibly metal uptake. The lower zone is the 
most saline (probably up to 5 ppt salt, but yearly salinity data are 
not available). The middle zone is a transition zone in which salinity 
is less than in the lower zone. The salt line or wedge between fresh 
and salt water probably migrates within this zone following rainfall 
events and tidal activities. The upper zone is hyposaline or fresh 
water. Distribution and types of samples analyzed are presented in 
Table 1. 

The limitations of the existing database are many. Specific comments 
on the databases referenced to substrate type follow. 
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Figure 1. Sediment sample locations by 
zone (Lower = mile O-2.5; Middle = mile 

2.6-4.5; Upper = mile 4.6-5.5) in Slocum 

Creek, 1983. 
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UPPER ZONE 

ZONE 
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Table 1. Number of sample locations for sediment, water, and fish collected for 
metal analyses within Slocum Creek. Sample locations were grouped into three 
zones: lower (L): middle (M); and upper (U)‘. 

Year 

SCd&.IltS Water Fish 

L M U L M U L M U 

-: _. 

1983 3 16 2 6 17 6 0 3 0. 

1985 NAb NA NA NA NA NA 0 1 2 

1990 NA NA NA NA NA NA 1 2 2 

a See Figure 1 for zone boundaries 
b No samples colIecled 

. 

-- 
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Sedimen tx: Sediment chemistry is notably variable, even when 
samples are collected in close proximity to each other. Samples 
collected only a few feet apart can have dramatically different levels 
of environmental contaminants, organic matter, and can differ in 
particle size. The sediment database for Slocum Creek is limited by 
the number of sites sampled and replications per site. The number 
and distribution of sample locations were sufficient for a preliminary 
examination of sediment contamination in Slocum Creek. However, 
meaningful comparisons among locations cannot be made due to the 
small number of replications. l 

The available database consists only of data collected in 1983. 

Water: Water chemistry can be very transient in nature. Influx of 
effluent runoff from rainfall, events, tides, etc. can significantly alter 
the contaminant profiles. Slocum Creek samples were collected only 
once per location, and only at a limited number of locations. 
S;lmpling design was sufficient for a point-in-time survey, but does 
not address fluxes in metals that should be expected in aquatic 
systems. 

Sample locations were few, probably yielding an inaccurate 
assessment of Slocum Creek as a whole. The influences of other 
water quality and physical parameter data (pH, salinity, alkalinity, 
etc.) were not addressed with respect to metal concentrations or 
their effects on the bioavailability of metals. 

The available database consists only of data collected in 1983. .- 

Fish: There was no consistent sampling strategy between years or 
locations. Repetitive collection sites and a species focus were not 
incorporated into survey design. Samples collected tended to be 
those that were available, representing a composite of species and 
site classes. The existing .database is therefore considered 
insufficient for comparison of metal concentrations among years 
(1983, 1985, 1990) and locations (within Slocum Creek). It is 
probably sufficient for an intuitive, but nonscientific assessment of * 
metal concentrations in Slocum Creek compared to other coastal 
creeks and rivers. 

-. 
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Samples collected in 1983 were analyzed by two contract 
laboratories (Table 2). Samples cbllected in 1985 and 1990 were 
analyzed by the North Carolina Division of Environmental 
Management, Raleigh, NC. Metal determinations were determined by 
inductively coupled plasma (ICP) spectrometry (1983 samples) and 
atomic absorption (AA) spectrometry (1985 and 1990 samples). 
Both methods are equally good in specificity, but generally the AA 
method is more sensitive (can detect smaller quantities of metals). 
Sensitivity levels for the 1983 samples were reIatively high (i.e. very 
small amounts of metals were detectable); therefore, we question 
whether the contract lab really used ICP rather than AA. However, 
since either method has sufficient sensitivity to detect harmful metal 
concentrations in the substrates examined, this speculation has little 
bearing on the interpretation of reported values. 

The method of sample digestion can have a great influence on 
detectable metal residues in sediments and water. Weak acid 
digestion yields “bioavailable” metals. Bioavailable metals are those 
that are not locked into inorganic mineral structures. Bioavailable 
metals include metals in water, d&ritus, biological tissues, and those 
adsorbed to organic and inorganic particulate matter. They are in a 
form that may be acquired and absorbed by biological organisms and 
are of the greatest importance in evaluating biological and health 
impacts. To date, all metal determinations for Slocum Creek samples 
have been based on weak acid digestion of substrates. 

The limits of analytical sensitivity were nd; clear in all cases (Table 
3). In general, the analytical detection limits were sufficient to 
detect levels of metals that might be of concern. 

PRESENTATION OF METAL CONCENTRATIONS 

Metal concentrations are presented by substrate. For each substrate, 
three primary data reduction schemes are used. First, the percent of 
the samples above the analytical detection limit is presented. This 
indicates the number of samples in which metals were even 
minimally detected. Second, the highest and lowest metal 
concentrations are presented as the “extreme concentrations.” This 
demonstrates the variability in the occurrence of metal concentration 
among samples. Frequently, the lower extreme value will be the 
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Table 2. Laboratories performing metal analyses on Slocum Creek samples. 

Year 

1983 

Substance Laboratorya 

Water Centec Analy. Services 

Sediment Centec Analy. Services 

Fish Rocky Mountain 
Analytical 

1985 Fish NC Division of Environ. Mgmt. 

1990 Fish NC Division of Environ. Mgmt. 

*See appendix for complete address 

-, 

-.-. 

-.. 
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Table 3. Analytical detection limits (ppm) for metals in sediment, water, and 
fish collected in Slocum Creek, 1983. 

Sample type 

Metal Sediment Water Fish 

Aluminum 
Antimony 
Arsenic 
Bcrylium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

UNKa 
0.3 
NA 
5.0 

ii& 
5.0 

El% 
0.20 
50 
2.0 
5.0 
0.3 

NAb 
NA 
NA . 
0.02 
0.02 
0.05 
0.1 
0.02 
1.0 
NA 
0.1 
NA 

NA 
0.02 

NA 
NA 
1.0 
NA 
0.01 
0.25 
0.1 
NA 
0.5 
0.02 
0.5 
1.0 
NA 
NA . 

a Unknown for this analysis (i.e. not reported), but all samples were above 
dttecLion limiu 

b No metal analysis performed 

.-. 

. 

.- 

: 
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analytical detection limit. Third, an average or mean metal 
concentration was calculated if more than half of the samples had 
detectable concernrations of individual metals. Because chemical 
data seldom conform to patterns of normal distribution, data 
transformations are used to normalize the data for statistical 
manipulation and presentation. In general, analytical chemistry data 
on metals are highly skewed to the left, meaning that there are many 
more low values than high ones. Logarithmic transformations are 
commonly used to normalize data of this type. This type of 
transformation tends to minimize the influence of a small number of 
higher values. Using logarithmic transformations of metal 
concentrations, geometric means were calculated, the antilogarithm 
of this mean was taken and is presented as the geometric mean in 
the tables. For these calculations, metal concentrations below the 
limits of analytical detection were -assigned a numerical value of half 
the detection level. 

METAL CONCENTRATIONS IN SEDIMENTS 

Sediment samples from 21 sampling locations were analyzed (Table 
1). All samples were collected in 1983. Collection locations for these 
samples are shown in Figure 1. A summary of metal concentrations 
in sediments showed great variation both within and among sample 
zones (Table 4). 

METAL CONCENTRATIONS IN WATER, 

Water samples from 29 sampling locations were analyzed (Table 1). 
AI1 samples were collected in 1983. Collection locations for these 
samples are shown in Figure 2. Lead and cadmium were not found 
in water. Chromium was reportedoin only one sample (Table 5). 
These three chemicals, along with mercury (which was not included 
in the metal analyses of water in 1983), are the more toxic of the 
heavy metals and are usually of greatest concern to regulatory 
agencies. 

METAL CONCENTRATIONS IN FISH 

Whole fish samples from three sampling locations were collected for 
analyses in both 1983 and 1985 (Figure 3). Five locations were 



Table 4. Number of sediment samples analyzed, percent of samples with metal concentrations 
grcatcr than the analytical detection limits, and extreme conccnuarions (lowtst and highest 
conccn1raLions) of metals from Slocum Creek 1983. Geometric means are presented in ( ) if mare 
than 50% of the samples contained concentrations above the detection limits. 

Zone 

Metal Lower 

Extreme 
No. % Cont. 

Middle 

Extreme 
No. % Cont. 

UPPer 

Extreme 
No. % Cont. 

Aluminum 

Antimony 

Arsenic 

Berylium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Thallium 

Zinc 

3 

3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

100 36600-50700 16 100 1260-39900 
(44500) . (I 2382) 

0 >0.30 16 3 8 <O-30-0.84 

0 <5.0’ 

67 6.3-7.4 
(6.8) 

100 85-94 
(88.3) 

33 <5 .O’-2 1 

100 60-83 
(72.1) 

100 0.30-0.75 
(0.50) 

0 40’ 

0 c2.03 

<0.3oa 

100 35-165 
(60.8) 

6 100 5.16-73.10 
(22.9) 

16 0 C5.0’ 

16 2 5 <S.Oa-27.4 

16 100 3.8-303 

(50.0) 

16 3 8 <5.0’-154 

16 100 9.6-127 
- W.5) 

1 6 100 <2.0a-2.2 
. (0.50) 

16 0 <SOa 

14 0 <2.0a 

16 6 x0.30*-054 

16 100 7.2-416 
(33.1) 

1 100 44200 

1 100 0.50 

1 100 58 

1 0 <S.P 

1 100 47 

1 100 440 :. 

1 100 75.3 

1 100 264 

1 100 1.6 

1 0 <50’ 

1 0 <2.oa 

I 0 <0.3@ 

1 100 74 

a Detection limit 
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Figure 2. Water sample locations by W 
zone (Lower = mile O-2.5; Middle.= mile 

2.6-4.5; Upper = mile 4.6-5.5) in Slocum 

Creek, 1983. 
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- 

t-llDDLE ZONE 

UPPER ZONE 



Table 5. Number of water samples analyzed, percent of samples with metal concentrations 
greater than the analytical detection limits, and extreme concentrations (lowest and highest 
concentrations) of metals from Slocum Creek 1983. Geometric means are presented in ( ) if 
more than 50% of the samples contained concentrations above the detection limits. 
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Zone 

Metal Lower Middle Upper 

No.- % Extreme 
Cont. 

No. 46 Extreme 
Cont. 

No 6 . Exrrtmc 
Cont. 

Berylium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Nickel 

zinc 

6 0 cO.02’ 

6 0 cO.02’ 

6 0 <0.05’ 

6 0 <O.lO’ 

6 100 0.55-3-o 
(1.73) 

6 0 c1.0a 

6 3 3 <0.1a-0.12 

6 0 UNK 

16 0 

16 0 

-16 19 

16 25 

16 94 

16 0 

16 37 

16 6 

<0.02’ 

X0.02’ 

0.09-l .2 

<O.lO-0.13 

0.19-5.5 
(0.87) . 

4.P 

0.12-0.68 

0.60 

6 0 

6 0 

6 0 

6 17 

6 83 

6 0 

6 33 

6 17 

<0.02’ 

cO.02’ 

<0.05” 

0.13-0.25 

0.19-2.2 
(0.7 1) 

cl.01 

0.13-O-25 

0.07 

1 Detection limit 

.- 
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sampled in 1990. Sample collections appeared to be based on an 
opportunistic sampling strategy that did not require specificity in 
species and age classes collected. Thus available data are based on 
multiple species (Table 6) and size classes. The use of this database 
is therefore extremely limited in that differences among collection 
locations, species, and years cannot be determined. Relationships 
between metal concentrations and size cannot be explored. . 

Metal concentrations in whole fish are presented without regard for 
variables other than year and zone (Tables 7, 8 and 9). Within and 
among zone variability was high for most metals. Extreme 
concentrations (low and high) tended to be consistent among years 
for individual metals. 

Metal concentrations in whole fish from SIocum Creek were 
compared against national averages (Table lo), as reported in the 
National Contaminant Biomonitoring Program (Lowe et al., 1985). 
Geometric means and extreme values for the national program 
include sites that could be judged low to high in metal contamination. 
Slocum Creek values’ fall within the extreme values presented for 
most metals. 

ACTION LIMITS FOR METALS IN FISH FOR HUMAN 
CONSUMPTION 

Action Limits for Metals as Established bv State. Federal and 
International Ornanizations t 

Action limits for allowable metal residues in fish and shellfish for 
human consumption have been established by some state and 
federal agencies. However, the number of metals for which action 
limits have been adopted by these agencies is surprisingly low (Table 
11). The Federal Drug Administration has established an action level 
for only one metal (mercury). The World Health Organization 
compiled a. listin, 0 of international action limits for metals (Table 12). 
The international action limits for individual metals differ by as 
much as two orders of magnitude among countries. 

Methods for Establishine Limits 

The estabIishment of critical limits for metal concentrations in fish to 
be consumed by humans is far from an exact science. This is because 

. 
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Table 6. Fish species collected from Slocum Creek and number of 
whole and fillet samples analyzed for metal concentrations. 

. 

Sample Type 

Year Area Species Whole 
Fish 

Fish 
Fillet 

1983 Middle 

-. 
1985 Middle 

, 
Upper 

1990 Lower 

: 
1 ? 

Middle 

Upper 

Largemouth bass 
Pumpkinsted 
Golden shiner 

11 
12 

4 

Longnose gar 2 
Lizardfish 1 
Summer flounder 2 
White catfish 3 

Longnose gar 
White catfish 

2 
4 

Longnose gar 
Gizzard shad 
Striped mullet 
Striped bass 

3 
3 

. 0 
0 

Longnose gar 
White perch 
Brown bullhead 
Gizzard shad 

2 
0 
0 
3 

Largemouth bass 
Bowfin 
Striped mullet 
Gizzard shad 
Pumpkinseed 
Carp 
Black crappie 
Chain pickerc1 
Creek chu bsuckcr 
Golden shiner 
Longnose gar 
Yellow perch 

1 
1 
0 
3 
0 

:, 
0 
1 
1 
1 
0 

0 
0 

3 
0 
0 
0 

7 
1 

2 
3 

. 4 
1 

1 
1 
2 
3 

7 
1 

. 7 
..- 3 

3 
0 
1 
3 
0 
0 
0 
1 
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Table 7. Number of whole fish analyzed, percent of samples with metal concentrations 
grcaltr than the analytical detection limiu, and cxlremc concentrations (lowest and 
highest concentrations) of metaIs from Slocum Creek 1983 (upper and lower zones wcrc 
:IOL sampled in 1983). Geometric means are presented if more than 50% ol lhe samples 
containctl concentrations above detection limits. 

Middle Zone 

Met31 
No. %z Da. 

Samples Limit 
Extreme 
cont. 

Gcomctric 
mc3ns 

Cadmium 27 48 < O.lb - 0.45 
, . . 

Chromium - 27 100 0.37 - 3.6 0.88 

l 
Coppct- 27 7 <.OlOb-1.4 e 

Lead 27 15 < 0.50b- 1.2 - 

Mercury 
. ” 

27 0 <0.02b . 

Nick1 27 85 <0.50b-75 3.95 

Zinc” 27 100 9.6 - 40 9.84 
. . 

3Dctcction limit not reported 
bDclcction Iimit 
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Table 8. Number of whole fish analyzed, percent of samples with metal concentrations 
greater than the analytical detection limits, and extreme metal concentrations (ppm wet 
weight) in the middle and upper tones of Slocum Creek 1985 (the lower zone of Slocum 
Creek was not sampled in 1985). Geometric means arc presented in ( ) if more than 50% 
of the samples contained concentrations above the detection limirs. 

Middle Upper 
Zone Zone 

No. 9&Dx 
Metals samp1cs Limit 

Cadmium 8 0 

Chromium 8 0 

copper 8 100 

Lead 8 0 <0.5oa 6 0 <0.5oa 

Mercury 8 100 O-02-0.37 
(0.08) 

<l.P 

6 83 .05-0.5 1 
(0.12) 

Nickel 8 0 

Selenium 8 0 

ZinC 8 100 

Extreme No. 9Qm Extreme 
Cont. Samples Limit cont. 

cO.01’ 6 33 <O.lO’-.15 

<O-25‘ . 

0.13--043 
(0.25) 

6 0 <0.25a 

6 100 O-22-1.4 
(0.52) 

<l.P 

4.0-14 
(8.15) 

6 0 

6 0 

6 100 

<0.50a 

<l.P 

5.9-18 
(8.89) 

t aDetection limit . 



Table 9. Number of whole fish analyzed, pcrccnl of samples with mclnl concenfrations greater than the analytical detection 
limits, and extreme concentrations (ppm wcl weighl, IOWCSI and highest conccnlrntions) of metals in the lower (L), middle (M) 
and upper (U) zones of Slocum Creek, 1990. Gcomclric means arc prcscntcd in ( ) if more than 50% of the samples contained 
conccnlralions above the delcclion limils. 

Lower Middle 
zone zone 

Upper 
zone 

No. em Exlrcme No. 9&gkL Extreme No. Q&Del Extreme 
Metal Samples Limit Vnlues Samples Limit Values Snmplw Limil Values 

Arsenic 6 17 < 1 .O’- 1 .o 5 0 C1.0” 9 0 C1.0’ 

Cadmium 6 17 <o. 1 O.-O.25 5 0 co. 10’ 9 33 co. IO’-0.30 

Chromium 6 100 3.2-4.4 5 100 0.75-4.0 9 22 <0.25’-0.92 
(3.9 I) (1.34) 

Copper 6 100 0.30-13 5 100 0.14-0.65 9 100 0.20-2s 
(1.07) (0.40) um 

l 

<0.50’ 

l 

9 11 <O.S’-0.9 1 

. Lead 6 17 <0.50’-0.96 5 . 0 

Mtrcuty 6 100 0.04-0.25 5 100 0.02-.25 9 100 0.03-0.25 
(.144) .’ 1 (.114) (.079) 

Nickel 6 17 <0.5’-2.1 5 0 <OS0 9 18 <OS0 

Selenium 6 0 <l.O’ 5 0 <l.O’ 9 0 <l.O’ 

Zinc 6 100 6.4-l 3 5 too 2.6-718 9 91 5.6-49 
(8.80) (5.60) (12.2) 

‘DetecGon limit 
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Table 10. Comparison of metal concentrations (ppm wet weight) in whole fish from Slocum 
Creek, 1990 with those rcportcd nationwide in the 1984 Nationat Contaminant 
Biornonitoring Program by Lowe et al. (1985). 
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Slocum Creek NCBP 

Geometric mcanb Extreme Cont. Geometric mean Extreme Cont. 

z Dctcction limit 
b Gcomctric means arc presented for Slocum Creek only if more than 50% of the samples had 
metal concentrations above analytical detection limits. 

.- 

i 

. 

Arsenic <1.oa-1.3 - 0.14 0.01-1.51 
Cadmium <o. loa-0.30 0.03 0.00-0.21 
Copper .7 1 0.101-l 60 0.65 O-17-23.1 
Lead 0.50’-3.4 0.11 0.01-4.88 
Mercury o.o2a-0.29 0.10 0.01-0.29 
Selenium <1.0a 0.42 0.1 l-2.30 
Zinc 8.88 1.1-91 22 9.6-80 

. 
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Tabic 11. Action Ievels for heavy metals in fish fillets in selected states, 1991a. 

MC& (ppm) 

Country As Cd Cr Cu a Pb Sb Se zn 

i 

: * 

California 
Florida 
Louisiana 
Michigan 
Minnesota 
New Jersey 
New York 
North Carolinab 
Pennsylvania 
Wisconsin 

w # *c+ b # 

1.0-1.5 1.0-1.5 1.0-1.5 1.0-1.5 d 
** 6.6 w 71.0 .12 
u w PI M .5 
++ 9 9 # .16 
# et LI # * 
# 0.3 Qr # # 

. 

# m *+ # u 

u *1 # # 0.5 

1 

.; 

w 

* 

590 
P 

a 

h 

m 

# 

rc* 

l * Indicate compliance with FDA action levels (Note: FDA only has established action limits for 
mercury; however, states responded as indicated, possibly indicating lack of necessity and thus 
familiarity. 

aDala compiled by personal communication with state representatives (see Appendix for contact 
list). 
bNorth Carolina establishes action levels on a case by case basis: no specific values are available. 



Table 12. Compilation of legal limits for hnzardous metals in fish and fishery productsa. 
-- ------------ 

Mcmls @pm) 

Cnunlry As 
-- ---___----------------_I--- 

GJ Cr Cu “I? I’ h Sh SC Zn 
-- --------------_------------___________I -m---w 

hurlralir 
llrmzll 
CInrdr 
Chile 
Denmark 
Ecuador 
Finland 
Prance 
Ocrmrny 
Orccca 
Hong Kong 
India 
lsrrel 
Italy 
Japan 
Korea 
Netherlands 
Ifew Zealand 
Phillpplner 
Poland 
Sprln 
S wedcn 
Switzerland 
Thailand 
Unilcd Kingdom 
United Statesb 
U.S.S.R. 
Venetuelr 
Zambia 

Range 
Minimum 
Maximum 

l.O,I.SC 

3.5 
0.12,l.O 

1.0 
5.0 

1.4-10 
1.0 

1.0 
30 
4.0 

2.0 
1.0 

k.0 
0.1 
10 

0.2-5.5 

0.5 

0.5 

2.0 

0.5-1.0 
1.0 

0.1 

Wbl 

2 

IO-70 

IO 

IO 

1.0 
10 

30 

IO-30 

20 
20 . 

10 
100 

1.0 10 
1.0 100 

0.5, I .o 
n.5c 
OS 

0.5 
1.0 
I.0 
0.5.0.7 

i.7” 
a:5 
0.9 
0.5 
0,7e 
0.3.0.44 
0.5 
l.OC 

. o.sc 
- 0.5 

0.5 
1 .od 

i:: 

l.Od 
0.2-l .o 
0.1-0.5 
0.2-0.3 

0.1 
1.0 

1.5-5s 

0.5 
2.0 

5.0 
2.0 

0.5 

6.0 
5.0 

2.0 

0.5.2.0 
2.0 
0.5 
1 .o-2.0 

1.0-2.0 
1.0 

%o 

2.0 
0.5-10 

0.5 
IO 

1.5 1 B.2.0 40- 1,000 

0.05.0.3 too 

1.0 
SO 

1.0 2.0 40 . 

30-50 

50 

100 

1.0 0.05 30 
1.5 2.0 1,000 

iTable compilation prcscnled in EPA Rcpt. No. 503/%89-002 1989 from the data of Nnucn (1983); 
U.S. Food and Drug Admlnlslrrtlon (1982. 1984). 

btimit variex among r~r~es. 
Clnorganic. 
dTo~rl. 



Table 13. Consumption rates of fish and shellfish in the United States. 

Grams per day 
Description 

6.5 The average consumprion of fish and 
shellfish from estuarint and fresh 
waters by @e U.S. population (EPA, 1980) 

20 The average consumption of fish and 
shellfish from marine, estuarine, and 
fresh waters by the U.S. population 
(USDA, 1984). 

41.7 The average consumption of fish and 
shellfish from marine, estuarine, and 
fresh waters by the population of 
North Carolina (Ken Rudo, personal 
communication). 

165 The average consumption of fish and 
shellfish from marine. estuarine. and 
fresh waters by tie 99.9th percentile 
of the US population (Finch, 1983). . 
Represems the “reasonable worst case” 
based on the assumption that some 
individuals would consume fish at a 
raft equal to the combined cocsumption 
of red meat, poultry, fish and shellfish 
in Lhc U.S. . (EPA, 1977-78). 
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the direct measurement of human health risks is possible only in 
certain limited circumstances in which there are clearly adverse 
effects (acute poisoning resulting in hospitalization or death, for 
example). The long latency period for response to many chemicals, 
the complex interaction of metal and other chemicals in human food 
chains, and methods of exposure other than dietary complicate the 
assessment of direct .effects. 

Federal action limits for metals were drafted for the regulation of 
food for interstate commerce. When setting regulations, the federal 
agencies review not only health effects, but also economic impacts of 
their actions. Therefore, federal action limits should not be 
interpreted as minimum effect levels. These federal regulations 
were not intended to protect locaiized subpopulations of recreational 
anglers that may consume fish at a rate substantially above the 
national per capita average (EPA, 1989). 

l a 

The State of North Carolina has no established action’ limits for metals 
in fish to be consumed by humans (Ken Rudo, pers. comm.). Instead, 
the State prefers to act on a case-by-case basis after examining the 
metal of interest, its location within the state, and the potential for 
human consumption of fish from that area. Canada has developed a 
similar approach, issuing specific action limits and health advisories 
on a lake-by-lake basis (Allan Johnson, pers. comm.). -1 

Mathematical risk assessment models have been constructed for the 
use of state and federal regulatory agencies, but these are ofte? 
modified by the agencies. The State bf N.prth Carolina uses the 
following equation to establish maximum allowable concentrations 
for harmful substances: 

Reference Dose X Body Weight X Fish Consu medlDay. 

This is the basic risk model used by most agencies. However, beyond 
this there is little standardization. Reference doses are estimates of 
the daily exposure to human populations that is unlikely lo produce 
an adverse health effect during a lifetime. Ways to calculate these 
doses vary greatly. The body weight used in the equation is 
typically 70 kg, representing an average weight for adult males. 
Differences in body weights between individuals, sexes, or ages are 
not always considered. Figures for fish consumption per day are not 
standardized, and different consumption rates are used in individual 
risk assessment models (Table 13). 



Comoarison of Metal Residues in Fish Fillets from Slocum Creek with 
Action Limits 

I 

Metal residues in fish fillets from Slocum Creek, (1983, 1984, and 1990 
combined) were compared against the lowest and highest action limits in 
use by countries throughout the world. The minimum action limits were 
exceeded for arsenic, chromium, copper, lead, mercury and zinc, but not 
for other metals (Table 14). The higher action limits (less conservative 
limits for protection of human health) were exceeded only for copper 
(2%). The FDA action limit of 1 ppm for mercury was not exceeded in 
any samples. Fish fillets used in this analysis were from a variety 
representing all fish trophic levels. From the samples available, we 
could detect no trend for one species or trophic level to contribute 
disproportionally to the number of samples with metal residues greater 
than those specified in the action limits. 
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Table 14. Comparison of metal concentrations in fish fillets from Slocum 
Creek, 1990 with international standards cstablishtd to protect human health. 
Comparisons are made with lowest and highest international standards as 
reported in Table 12. 

Extreme limits of 
international 

standards 

% Sloctlm Creek 
samples 2 minimum 

standard 

Arsenic o-1-10 10 0 
Cadmium O’-5.5 0 0 
Chromium 1.0 40 b 

Copper 10.0-100 10 2 
Lead OS-10 10 0 
Mercury 0.1-1-o 43 0 
Zinc 30-1,000 7 0 

% s10cum Creek 
samples 2 maximum 

standard 

~NO sampks above detection limit of 0.01 
Qnly one standard is presented 

l 

. . 

. 
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Appendix 1. State agency representatives contacted for 
information on met31 action limirs. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

California 
Gerald Pollack, Dep~. Health Services 
(9 16) 323-9667 

Florida 
Homer Royal, Bureau of Fisheries 

Research 
(904) 357-663 1 

Louisiana 
Cindy Crittenmeeker, DEQ, Water Resources 
(504) 342-6363 ’ 

Michigan 
John Hesse. Ctr. Eav. Health Studies 
(517) 335-8350 

Minnesota 
Jack Suypek, DNR 
(612) 296-6157 

New Jersey 
John McClain, Div. Fish, Game & Wiidlife 
(609) 748-2020 

New York 
Tony Forti, Dept. Env. Cons& 
(5 18) 458-6405 

North Carolina 
Ken Rudo, Dept. En;. Health and Nat’1 

Resources 
(919) 733-3410 -. 

. 
Pennsylvania 
3ob Hcsscr, Fishery Resources 
(8 14) 359-5100 

10. Wisconsin 
Jim Amrhtin, DNR 
(608) 266-5325 



Appendix 2. Sediment and water database for Slocum Creek, 1983. 
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Sediment and Water databasc, Slocum Creek, 1933 

;AV.F’LENO Di\TE LOCATION SUBST AG 

-22.3 2/23/F3 MClA SED 
-1 123c E/23/23 MClE SED 
31231 0.‘23/03 r1c1c SED 
31232 8/23.‘83 W2B SED 
31235’ B/23.‘53 cF’2c SED 
31234 F/23/83 OF2G SED 
31235 e/23/83 @WP3C SED 
31236 E/23/S3 ANL4A SED 
3123? P/23/83 ANL4E SED 
31238 R/23/83 ANL4C SED 
31239 S/23/83 TG5 SED 

- 31240 E/.23/&3 OLbA SED 
31241 6/23/E3 OL6E SED 

- 31242 8/23,‘83 OL6C SED 
31243 8/23/03 F74 SED 
31244 8/23/83 F7B SED 
31245 8/ 23’82 F7C SED 
3 1 2 s B E/23/33 SE;9 SED 
31247 6,‘23/83 NR WATEE 
3124s 3/23/P3 TC WATER 
3124s S/23/83 TC WATER 
31250 E?/23/P3 TC WATER 
31251 e/22/83 MC WATER 
31252 9 ‘23/83 MC WGTER 
31253 8/23/t?3 f-x WATER 
‘1254 G/23/33 lx WATER 
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l 
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. 
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. 

. 

. 
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,ciMPLENG Pi3 ZPJ AL FE SE 

‘? 1 225’ 
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31231 
3123s 
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3123e 
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3 1240 
31241 
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3 124R 
31249 
31250 
‘1251 

21252 
31253 
31 254 

75 cm ,c.- - 
60. Or:, 
ti3.29 
36.40 
4: .70 

1 05 , io 
2 1 . I:Jl-;J 
12.& 

?.5b 
59.20 
33.40 
71 . 00 
54.00 
91.00 

47.50 
127.00 

38.10 
264.00 

165.00 
39.30 
34.60 
3c;. oi: 
29.10 
26.80 
12. 60 

7.a;r 
34.80 
26.20 

7.23 
37.80 
52.50 
48.00 
35.70 
31 .oo 

7.76 
73.80 

. 

. 

47600 
pj?Otj 
36600 
32400 
19000 

39900 
1340 
12.w 
7420 

32800 
55ao 
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19200 
32800 

5900 
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. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
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.- 

CD CR cu 
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. 

7 . 40 
. 
. 
. 
. 
. 
. 

7.97 
. 
. 

15.30 
15.20 

. 
27.40 

4&o 

64.7(-J 
P&J. l(:J 
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96. 00 
89.20 
?4 . 40 

7 3- 
3:BLc: 

20.40 
145.00 

7.61 
70. 90 

180 . 00 
303.00 
121 .m 
266.00 

51 .BO 
440. 00 

. 
. 

21.30 

16: 60 
. 
l 

. 

23 170 
. 

22: 00 
35.00 

38 : 00 

75130 
. 
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. 
. 
. 
. 

AS 

. 
I 
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. 
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. 
. 
. 
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. 
. 

73.10 
28.00 
51.20 

5.16 
58.20 

. 

. 
. 
. 
. 
. 

SB TL HG 

. 
. 
. 
. 

0.332 
0.840 

. 
. 

01474 
. 
. 

0 .540 
0.607 
0.475 

. 

. 
0.501 

. 
. 
. 
. 
. 
. 
. 
. 

. 

. 
. 
l 

. 

. 

. 

. 

. 

. 

. 

. 

0.54 
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. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

0 .555 
0.304 
0.747 
0.746 
0.362 
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. 

01248 
2.160 
0.237 
0.416 

NI 

. 
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. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 

0112 
. 
. 
. 

0112 
0.20. 

. . 

1.200 
2.120 
0.627 . 

0 1765 
1.620 



SGI’IF’LEI’J’I 

312s 
31256 
31257 
31252 
31254 
3 1260 
31261 
31261 
31262 
31252 
31243 
312t3 
31254 
312&4 
31265 
31266 
31257 
31268 
31257 
312?0 
31271 
312-Z 
31273 
31273 
3lE74 
34 - tilt 75 

B/23/63 OF’ . MTER 
8/23,‘83 Q? WATER 
B/23/83 TG WATER 
G/23/83 D5E WATER 
G/.23/83 DSC WATER 
b/23/a3 TG WATER 
E/23/83 TG WATER 
G/24/53 DSE( WATER 
a/23/83 TG WATER 
8/24/E3 TG WGTER 
8/23/83 TG WATER 
B/24/83 TG WATER 
B/23/33 TG WATEE 
G/24/83 DBG WATER 
B/25/83 TG WGTER 
G/23/63 TG WGTER 
g/23/83 F9A WATER 
8/‘23/63 F9F WATER 
2/23./@3 F?C WATER 
E3/23/83 WP 10 WATER 
e/33/83 SE11 WATER 
E/23/83 SE12 WATER 
8/25/82 SE13 WATER 
8/‘24/83 SC WATER 
G/23/83 SHFl4 WATER 
8/‘23/83 SABlZ WGTER 

S;ll’lF’LENO PE ZN 

31255 . 
31’S& . 
31257 . 
31258 . 
3125$ . 
312io . 
312t.1 . 
31261 . 
31252 . 
31252 . 
31263 . 
31263 . 
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31266 . 
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312&S . 
31279 . 
3127: . 
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31275 . 

. 

. 
, 
. 
. 
. 
. 
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. 
. 
. 
. 
. 
. 

. . 

. . 

Sedj.ment and Water datclbase, Slocum Creel:.,. 1983 
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SAMr’LEN3 

31276 6,'23/03 LS 
3i2?7 6/24/63 38 
3127': e/24/63 3A 
31276 6,'24.~a3 3~ 
31276 B/24/63 3E 

SAMF’LEN!l 

312?5 
3lL377 - . 
31277 

', a 31i7B 
31279 

CATE LOCA-iI@N S!JEST 

PE ZN 

. 0.40 
1 OS 393.00 
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SED 
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AL FE 

. 
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SE 
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Appendix 3. Fish database for Slocum Creek, all years. 
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L n 
E It 
v T 

: 0 E 

MC-CC 
MC-‘ZC 
flc-cc 
MC-CC 
MC-CC 
MC-CC 
m-cc 
KC'CC 
r1c -cc 
MC- cc 
MC-CC 
MC-CC 
MC-CC 
p:c-CL? 
MC-EC 
MS-CC 
MC-CC 
MC-CC 
MC-CC 
MC-CC 
NC-cc 
flc-cc 
Pl!:-cc 
CC 
cc 
cc 
cc 
OP 
OF 
CP 
@F 
IF 
OF 
OF 
DsWWTF LE 59.5 522.0 
DsWWTF LG 66.1 B20. 0 
DsWWTi' LG 70.5 1018.0 
DsWWTF LG 72.7 1049.0 
Ds WI,JT? LG Se.8 1983.0 
Dsl-JWTP Lf 31.1 182.0 
Ds WNTF SF 33.1 403.0 
Ds LJWTP SF 27.5 231 .O 
DsWWTF WCf 37.4 204.0 
DsWWTF WCf 30.6 328.0 
Dr=_I-JWTF UCf 33.3 409.0 
EFUsSF LG 55.5 361 .O 
EF!JsSB L G 59.3 450.0 
EF’UsSB LG 59.8 445.0 
EFUSSB LG 6C~.5 453.0 

s 
F t 

E E’ 
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E T 
S H 

LM9 21 .O 
LME 21.4 
LME 23.7 
L?lE! 21.5 
LM3 22.8 
LME 22.2 
LMEr 37.0 
Lf'!!B 36.8 
LMF 36.0 
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LME; 24.2 
S-f 19.5 
Sf. 18.0 
Sf 21.0 
Sf lF.5 
Sf 17.3 
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ST- 17.5 
Sf 2o.s 
Sf 17.4 
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Sf 17.9 
Sf 18.5 
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Cb 17.5 
Cb 13.2 
Cl 6.8 
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Cl 6.0 

W 
E 
I T 
G Y 
H F 
T E 

140.0 w 
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170 . 9 w 
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68i1.0 W 
870.0 W 
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APPENDIX 5. Abbreviatons for metals listed in data output for sediment, 
water, and fish. 

ABBREVIATION METAL 
Al Aluminum . 
Sb Antimony 
As Arsenic 
Be Beylium 
Cd Cadmium 
Cr Chromium 
cu Copper 
Fe Iron 
Pb Lead 
"Y Mercury 
Ni Nickel 
Se Selenfum 
AY Silver - 
Tl Thalllum l 

Zn Zinc .- 



Appendtx 5. Abbreviations found In date output for fish and shellftsh. 

- I. FISH 

ABBRFVI ATlON 
BC 
Bf 
88 
CP 
CP 
cc 
GS 

, GS d 
2 LMB 
3 Ll 

Lt 
PS 

? SB 
SM 

: Sf 
WCf 
WP 

- YF 

II. SHELLFISH 
Cb 
Cl 

. 

SPECIES 
Black Crappie . 
Bowfin 
Brown Bullhead 
Common Carp 
Chain Ptckerel 
Creek Chubsucker 
Gizzerd Shad 
Golden Shiner ( 2nd to last fish 1990 on&i) 
Largemouth Bass 
Lizzerdfish 
Longnose G8r 
Pumklnseed Sunfish 
Striped Bass 
Striped Mullet r 
Summer Flounder ’ 
White Catfish 
White Perch 
Yellow Perch 

Crab 
Clam 
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Bioassay Assessment of Water and Sediment Toxicity 

Introduction 

Tests that examine the direct toxicity of test samples 
(sediments, water, etc.) on living organisms are called bioassays. A 
variety of organisms are commonly used for bioassay tests, including 
bacteria, invertebrates, and plants. Bioassays have earned a place in 
toxicity screening and evaluation because they examine endpoints of 
biological interest, and because they frequently detect toxicity from a 
variety of toxicants, thus painting a broad picture of toxicity rather 
than chemical specific portrayals of toxicity. In addition, they integrate 
the combined effects of all toxicants present with other physical and 
chemical components of the test matrix. Thus the inclusion of one or 
more bioassays enhances toxicity assessments based solely on 
analytical chemical techniques. It is generally recommended that a 
suite of bioassays be used in toxicity evaluations because of 
differences in the sensitivities of test organisms. 

We employed several bioassay protocols to determine the 
toxicity of both sediments and water from Slocum, Hancock, and 
Goose Creeks, as well as sites in the Neuse River. Our initial 
objective was to determine if there were distinct patterns of toxicity 
suggesting that sediments and water from Slocum Creek were more 
likely to be toxic than were similar samples from the other locations. 
Secondly, we wanted to see if the toxicity observed in sediment 
samples could be attributed to metal enrichment known to occur in 
Slocum Creek. 

Methods 

Water and sediment field sampling 
Water samples were collected in February (42 sites), May (41 

sites) and November (42 sites), 1991 from sites in Slocum Creek, 
Hancock Creek, and the Neuse River, near Havelock, North Carolina 
(Figure 1). If water depth was c 1 m, one sample was collected per 
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site in a chemically clean jar immersed midway in the water column. 
Sample jars were capped at that depth, then brought to the surface, 
labeled and stored on ice until assayed. If water depth was 2 1 m, two 
samples were taken. One was collected about 40 cm below the water 
surface and the other from the bottom. Bottom water samples were 
collected with a Van Dom sampler. 

Sediment samples were collected in October-November, 1990 
and June, 1992 from 43 sites in Slocum Creek, Hancock Creek, and 
the Neuse River (Figure 2). Sediments were collected from IO sites in 
Goose Creek in June of 1992 (Figure 3). Sediments were collected 
using a stainless steel sediment sampler which extracted a core 
consisting of the upper 10 - 15 cm of sediment. Sediment samples 
were placed in individual plastic bags and porewater collected under 
vacuum with a 50 ml syringe as described by Winger and Lasier 
(1990). Porewater extracts were stored on ice until assayed. Plastic 
bags containing sediments were then sealed for storage until used in 
bulk sediment tests. 

At all water and sediment sampling stations, we recorded date 
and time of the collection, water depth, temperature, salinity, 
conductivity, dissolved oxygen and pH. Salinity and pH of pore water 
were recorded. 

Bioassays 

Bioassays used to assess toxicity differed for different samples. 
All samples were tested with the Microtox bioassay. The lettuce seed 
bioassay was conducted on sediment porewater samples from 1992. 
A select subset of 19 sediment samples were tested by an aquatic 
plant bioassay and an invertebrate bioassay. 

Microtox Bioassav 
The Microtox bioassay is a commercially available test that 

measures the luminescence of a marine bacteria (Photobacterium 
phosphoreum) to detect and quantify (on a relative scale) the toxicity 
of water samples. The amount of light emitted by the bacteria is 
related to its metabolic rate which slows when exposed to 



c-3 

concentrations of toxic compounds. We used Microbic’s 100% 
bioassay protocol in which undiluted pore water (100% porewater) is 
run in a dilution series of the sample. The amount of light produced by 
the bacteria at the various sample dilutions (after 5 and 15 minutes of 
incubation with the sample) are used to calculate a sample dilution 
that causes a 50% reduction in the amount of light emitted by the 
bacteria compared to a reference sample. The dilution or 
concentration that causes the calculated 50% reduction in 
luminescence is called the Effective Concentration 50, or EC50. The 
EC50 is the standard unit of measure for this assay. The most toxic 
samples will have the lowest EC50 values. Non-toxic samples will 
yield EC50 values of 100% or more. 

We assayed both surface water and sediment pore water 
samples using the Microtox procedure. In 1992, we modified our 
procedures from the standard operating procedures used on water 
and 1990 sediment samples. In 1992 we gently aerated porewater 
samples for 30 min prior to assay. This was done to volatilize 
hydrogen sulfide which we detected by odor to be present in many 
samples. Hydrogen sulfide is a potent toxic agent to the marine 
bacteria used in the assay (Jacobs et al. 1992). We acknowledge that 
aeration likely volatilized some other potentially toxic substances (if 
present) thus reducing the resolution of the assay for the 1992 
samples compared to the 1990 sampI&. 

To assign a toxicity rating to the EC50 values, we used a toxicity 
scale (Table l), recommended by Dr. Mary Henry, Minnesota 
Cooperative Fish and Wildlife Research Unit. Surface water samples 
were simply assigned a rating of toxic (EC50<50%), moderately toxic 
(51%<E50<99 Oh), or non toxic (EC502100%). 

Lettuce Seed Boas= 
A lettuce seed bioassay was added to our porewater 

evaluations in June, 1992. Germination and root elongation of lettuce 
seeds exposed to water samples was assessed. Our previous work 
has demonstrated that salinity 2 7 ppt depresses root elongation in 
lettuce seeds. Therefore we only tested samples with salinities ~7 
ppt. Lettuce seeds (lo/petri dish) were placed on filter papers 
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saturated with 5 ml of porewater or distilled water (controls). Three 
replicate dishes/treatment were wrapped with foil and allowed to 
incubate for 7 d at room temperature. Mean root elongation and 
percent germination were determined for each treatment. Data were 
analyzed and are presented with reference to concurrently tested 
controls (% control = 1 OO*[Sampie Mean / Control Mean]). Toxicity 
ratings for lettuce seed root elongation data were based on a 
calibration curve for root elongation in response to salinity (Figure 4). 

Chironomus Bioassay 
Chironomus fentans is a midge larvae that is common in many 

benthic sediments. Static, 10 d C. tentans sediment toxicity tests were 
conducted under the direction of Dr. Mary Henry, Minnesota 
Cooperative Fish and Wildlife Reseatch Unit. This bioassay was 
conducted on the 19 sediment subsamples. Each subsample served 
as a treatment; fifteen test chambers (50 ml polypropylene centrifuge 
tubes) served as the replicates for each treatment. After taring the 
centrifuge tubes, 7.5 g of wet weight sample sediment was added to 
each tube. The control test chambers contained 7.5 g of silica sand 
that had been sieved through a 90 pm mesh (sieve #170). Each tube 
was then filled with approximately 40 ml of deionized water, such that 
the water level reached the 50 ml mark. The caps were tightly 
screwed onto the tubes and the test chambers placed into a 
Coming@ Styrofoam packing crate. Each set of fifteen tubes was 
rotated upside down and back again five times, assuring uniform 
mixing. The capped tubes were set upright in their packing crates, 
allowing the sediments to settle for 24 h. After 24 h the caps were 
removed, and the aeration manifold was assembled and attached to 
each assay set. Using one air pump per 15 tubes, a!! tubes were 
aerated for 24 h through Pasteur@ pipettes at a flow rate of 34 
bubbles per second. Caution was taken not to aerate the tubes so 
vigorously as to lose more than 10 ml of assay water per day, as this 
rate of evaporation could create a vacuum and cause loss of aeration. 

After aerating 24 h, one 2nd instar larva was placed in each 
tube. In order to minimize any influences of size selection across 
treatments, larvae were added to the first row of five assay units, then 
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the following rows, two through five, in succession. The ian/ae were 
a!! of the same genera! size, motility and color. After a!! larvae were 
placed on the sediment surface, 0.1 ml of assay food was added to 
each tube, and enough deionized water was added to return the 
water level to the 50 ml mark The aeration manifold was replaced on 
top of each assay set, and test chambers aerated at a rate of 3-4 
bubbles per second. Everyday, each larva was fed 0.1 ml of assay 
food, and the water level was returned to the 50 ml mark by adding 
deionized water. On the tenth day the contents of each tube were 
emptied individually onto a benthos sorting screen. The sediment 
was carefully probed, and the larva located. if, after a complete 
inspection, no larva was found, that individual was entered on data 
sheets as “dead not found”. A!! live larvae from a treatment were 
deposited in a single, labeled, aluminum ashing pan and dried in a 
convection oven for 24 h at 80’ C. Each individual, dried larva was 
then weighed on an analytical balance to the nearest 0.1 mg. The 
measured endpoint was percent reduction in weight relative to larvae 
in control sediments. Mortality was recorded as a value of 100% 
reduction in weight. Results were converted to 5% control biomass for 
comparison purposes. 

Plant Growth Bioassay 
We developed and employed a bioassay procedure using sago 

pondweed (Potamogeton pectinatus), a submersed aquatic 
macrophyte. Submersed aquatic macrophytes are important 
components of aquatic systems but have not often been included in 
batteries of bioassays used to evaluate the toxicity of sediments. The 
addition of the sago pondweed bioassay to our assay series provided 
a broader perspective on the toxicity of sediments. The assay we 
developed focused on plant growth as the endpoint. 

Plant cultures: Axenic cultures of sago pondweed clones were 
propagated as needed to maintain healthy, pathogen-free specimens 
for bioassays (Ailstock et aiJ991). Sago pondweed clones exhibited 
morphological features similar to natural plants (Ailstock et a!. 1991). 
Plants were maintained in 25 ml Murashige Minima! Organic (MMO) 
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media (Carolina Biological) supplemented with 1% (w/v) sucrose (pH 
adjusted to 5.0) in 25 x 150 mm culture tubes. Prior to experiments, 
sago pondweed cuttings were placed in fresh MMO+sucrose media 
and incubated at 23-C for 2 weeks. Plants were cultured under full 
spectrum fluorescent lighting (95 pmoi/m2/sec PAR; 16 h of light, 8 h 
of dark). Plants were screened for pathogens and uniformity prior to 
beginning experiments. initial plant weights averaged 0.275 g. 

Experimental Test System: The experimental test system consisted 
of one gallon (3.8 L) glass jars filled with moderately hard 
reconstituted deionized water (Ailstock et al. 1991). Sago pondweed, 
planted in 150 ml polystyrene beakers filled with sediment, were 
submerged in the jars. A layer of silt (-3 mm) and then sand (-7mm) 
was placed over the sediments to minimize nutrient/contaminant loss 
to the water column from the sediments. An air compressor supplied 
air via pipettes connected to tubing. Plants were maintained under full 
spectrum fluorescent lighting (95 pmol/m2/sec PAR; 16 h of light, 8 h 
of dark). Room temperature ranged between 22-25’C. 

Growth Studies: Sago pondweed cuttings were planted in the field 
sediments and control artificial sediments (Walsh et a!. 1992) with 8 
plants/treatment. Prior to planting, sediments were injected with 5 ml 
of MM0 nutrient solution to assure at least a minima! nutrient content 
capable of supporting plant growth. At 21 d, plants were rinsed and 
blotted dry and final fresh weights were recorded. Change in fresh 
weight relative to controls were calculated. Due to limited space, we 
could not test a!! sediments at once. Threfore, sediments from the 19 
sites were randomly assigned to one of five runs, each run with its 
own control. Plant bioassays were conducted from August- 
December, 1992. 

Evaluation of toxicity in relation to physical and chemical 
qualities of sediments 

Microtox and lettuce seed bioassay results from sediments 
collected in June, 1992, were used to select 19 sediments for further 
testing (Figures 5,6,7). These sediments were selected to represent 
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a range of toxicities as we sought to examine the potential influences 
of the physical and elemental composition of sediments on bioassay 
results (i.e. are metal concentrations in sediments correlated with 
bioassay results). Duplicate subsamples of these sediments were 
placed in I-Chem@ chemically cleaned jars and stored at -20” C. One 
set was sent to the Minnesota Cooperative Fish and Wildlife 
Research Unit for Chironomus tentans bioassay testing. The other 
was saved for analytical chemistry. 

No single bioassay is known to be sensitive to a!! toxicants and 
therefore multiple bioassay procedures are usually recommended 
when dealing with unidentified sources and types of pollutants. To 
supplement the Microtox and lettuce seed bioassays, we conducted 
the sago pondweed and Chironomus toxicity assessments on bulk 
sediment from these 19 sites. The additional bioassays 
complemented the Microtox and lettuce seed bioassays in that they 
expanded the number of taxa and life stages examined. 

Analytical chemistry 
The 19 sediment samples subjected to the broader array of 

bioassays were analyzed for total organic carbon (TOC), total 
petroleum hydrocarbons (TPH), grain size, acid volatile sulfides 
(AVS) and 17 metals. Analyses were performed by Geochemicai and 
Environmental Research Group, Texas A & M University under a 
contract and quality assurance and control program established by 
the Patuxent Analytical Control Facility (PACF), U.S. Fish and Wildlife 
Service (Appendix C-l). The PACF was established by the Fish and 
Wildlife Service to assure analytical quality control and assurance for 
a!! Fish and Wildlife analytical samples. The contractors are required 
to perform under a set of Standard Operating Procedures, with 
specified performance on duplicate and spiked samples. 

The details of the analytical methods are included in Appendix 
C-l. Sediments were digested in acids to achieve the extraction of 
total metals from sediments. Metal anaiytes, except for mercury were 
quantified by inductively Coupled Plasma emission techniques. 
Mercury was quantified by Graphite Furnace and Cold Vapor Atomic 
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Absorption. Methods for analyses of TOC, TPH, grain size, and AVS 
are presented in Appendix C-l. 

Metal concentrations are reported on a dry weight basis. 
Analytical sensitivities for each sample differed slightly based on the 
amount of sediment submitted. These limits of sensitivity were 
established for samples based on fresh weights. Conversion of 
analytical detection limits to a dry weight basis, coupled with the 
differences in the amount of sediment submitted for analyses, 
resulted in apparently different analytical detection limits for each 
sample and therefore potentially among sites. However, these 
differences are actually minima! and were not considered in the 
statistical analyses of the data. Actual levels of sensitivities for each 
sample are presented in the analytical report (Appendix C-l ). 

Statistical analyses 
We used a variety of statistical analyses to explore the bioassay 

data. A student’s t-test and analysis of variance with mean separation 
by Tukey’s test were used for parametric comparisons of bioassay 
responses to the various sediments. The occurrence of sediment 
physical and chemical parameters was compared by Chi-square 
analysis. We used correlation analyses and interactive stepwise 
linear regression to explore relationships among bioassays and to 
examine the important sediment variables that demonstrate 
relationships with bioassay results. For a!! tests, we used a = 0.05. 

Results 

Mictotox bioassay: water column 
Microtox EC50 values for 5 and 15 minute bioassays on water 

column samples were comparable and therefore only data for the 15 
minute bioassay are presented and discussed. Water depth varied by 

- sampling period within creeks and therefore the number and 
locations of sample sites for which we had water column samples 
from the surface and bottom differed between sample periods. Thus it 
is not possible to adequately compare surface and bottom waters 
except at a very superficial level. in genera!, the toxicity of waters at 
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the surface matched those on the bottom (73% of 23 site X date 
sample series). When toxicities differed between samples collected 
from the surface and bottom, surface samples were more toxic 75% 
of the time (Table 2, Appendix C-2). 

There were 26 sampling sites in Siocum Creek, four in the 
Neuse River, and 12 in Hancock Creek (Figure 1). The proportion of 
samples demonstrating some toxicity in each of these three locations 
in February was 46, 100, and 42% respectively (Figure 8, Table 2). 
Toxicity yielding EC50 values c 50% were only seen in Siocum Creek. 
The pattern of toxicity in Siocum Creek was focused on the Tucker 
Creek and mid-reaches of Siocum Creek proper (mile 2.2-3.8). 

Fewer water samples collected in May (S/42) and October- 
November (3/41) demonstrated toxicity than did samples collected in 
February (21/42) (Figure 9, IO). In no case was toxicity noted at a 
single site across a!! time periods (Table 2). 

Microtox bioassay: sediment porewater 
In contrast to water column samples, a high percentage of the 

sediment porewater samples exhibited some degree of toxicity in 
response to the Microtox bioassay (Table 3). Toxicity was detected in 
67% of the 1990 samples and 76% of the 1991 samples. in 1990 the 
number of samples in which toxicity was detected by creek were: 
Siocum Creek, 18/25 (72%); Hancock-Creek, 1 O/l 2 (83%), and 
Neuse River O/5 (0%). in 1992 the number of samples in which 
toxicity was detected by creek were: Siocum Creek, 20/26 (81%); 
Hancock Creek, 1 O/l 1 (91%); Neuse River l/5 (20%); and Goose 
Creek 8/l 0 (80%;Tabie 4). With the exception of the Neuse River 
samples, there were no within year differences in the occurrence of 
toxicity among creeks. 

Microtox bioassays of sediment toxicity for the two sampling 
dates generally agreed with each other for individual sites. Of the 41 
sites tested in both sampling years, the assignment of a toxic or not 
toxic rating did not change between years for 35 sites. There were 5 
sites that were assessed as not toxic in 1990 that exhibited toxicity in 
1992 (Table 3). 
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Sediment samples from many of the sites sampled 
demonstrated low EC50 values, suggesting that the samples were 
extremely toxic rather than minimally toxic (Table 4, Figures 11, 12, 
13). Microtox EC50 data for 1990 and 1992 sampling events are 
provided in Appendix C-2 and C-3. 

Lettuce seed bioassays: sediment porewater 
We detected no toxicity for any of the porewater samples 

assessed by seed germination tests. In contrast, 31 of 39 samples 
exhibited reduced root elongation as compared to control samples 
(Table 4). We were concerned that salinity by itself might be a factor 
in the test for root elongation. However, we regressed the root 
elongation data against the salinity measured in sample porewater 
and found no data correlation. Lettuce seed root elongation and 
germination are listed in Appendix C-3. 

We compared results from the Microtox and root elongation 
bioassays (Table 4). Microtox samples grouped as toxic or non toxic 
agreed with the results for lettuce seed assays (28/39 samples) 72% 
of the time. of the 11 times they did not agree, Microtox revealed 
toxicity and root elongation no toxicity for 5 of the sites (Table 4). 

Toxicity in relation to physical and chemical qualities of 
sediments 

The 19 sediments selected for this study were screened from 
the above samples to represent a range of toxicities and collection 
sites. The samples were actually subsamples of those used for the 
above studies rather than samples collected from the same sites at a 
different time. The samples are identified to collection site in Table 5. 
Chemical and physical analyses demonstrated that the samples were 
heterogeneous with regard to physical and chemical factors (Tables 
8, 9), as had been suggested by the screening that we had conducted 
in the selection of these samples. For example, extreme 
concentrations of some metals are as follows: aluminum, 769- 
36,749 ppm; chromium, x1-135 ppm; iron, 682030,857 ppm; mercury, 
cl-O.32 ppm; manganese, 1 l-234 ppm; and zinc, ~5190.9 ppm. TPH 
range from 0.13-12.79 ppm (Table 9). 
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Sag0 pondweed grew well in our test conditions. Mean growth 
of sago pondweed (% change in fresh weight relative to control) 
ranged from 37 - 169% across all treatments (Table 5). However, one 
of our five runs, involving samples GCl, GC5, SC13, SC25 and a 
control became fouled with an algae that apparently reduces the 
growth of all plants included in the run. Therefore, all comparisons 
between runs were made on variables expressed as a percentage of 
the control of that run. We assigned a toxic status to IO sites based 
on overall plant growth (mean percent change in fresh weight relative 
to control at 21 d). This toxic status was relatively arbitrarily assigned 
based on the variability observed in control plants (standard 
deviations) and the distribution of growth observed relative to 
controls. To this end, we considered sediments to be toxic if they 
produced plant growth (change in fresh weight relative to controls at 
21 days) that was 5 56% of that of plants grown on control sediments 
(Table 6). Although we use the term toxic, we cannot be sure that 
plant growth was actually reduced as a toxic response. Supplemental 
data (not presented here) indicate that nutrients may have been 
limiting in some samples even though we augmented all sediments ’ 
with an equal amount of nutrients. Additional data on the plant growth 
experiments are presented in Appendix C-4. 

The Chironomus bioassay yielded a wide range (O-1 11%) of 
biomass values relative to controls (Table 5). A Slocum Creek 
sample, SC12 was the most toxic with no individuals surviving the test 
period. 

The Microtox bioassay produced EC50 values ranging from 
0.48 to ~100% and from 0.73 to rlOO% for the 5 and 15 min assays 
(Table 5). Lettuce seed percent germination (as percent control) 
ranged between 80.8 - 103.8% (Table 5). Lettuce seed root 
elongation (as percent control) ranged from 23.2 - 137.2% (Table 5). 

A graphical representation of the responses of bioassay 
organisms to the 19 sediments is presented in Figure 14. For 
comparison of the several bioassays against each other, we took a 
conservative approach that defined toxicity as a significant response, 
rather than small deviations from the response of organisms to 
control substrates. Again, classification decisions were made in an 
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arbitrary fashion using our knowledge of the test procedures and the 
inherent variability of organism responses in each bioassay. We 
settled on calling responses toxic if the response variable was 
reduced by 2 50% compared to organisms cultured in control 
substrates. 

Out of the 19 sites tested, the number of toxic responses per 
assay were: Microtox = 14; lettuce seed root elongation = 9; sag0 
pondweed growth = 7; Chironomus = 2; and lettuce seed germination 
= 0 (Table 6). We compared the percentage of times the bioassays 
agreed with each other (Table 6) and calculated a correlation 
coefficient based on the actual numerical values of the individual 
bioassays (Table 7). The highest percent agreement and correlation 
coefficient among assays was for lettuce seed root elongation and 
Microtox bioassays. Microtox and lettuce seed root elongation 
agreed 74% of the time with an R square of 0.79. Chironomus and 
lettuce seed germination bioassay results only agreed with Microtox 
results 26% of the time. Root elongation and plant growth had the 
lowest correlation coefficient (R square = 0.03) when ail bioassays 
were compared against each other (Table 7). 

To examine the relationship between toxicity and the physical 
and chemical properties of the test sediments we conducted an 
interactive stepwise linear regression based on the variables 
identified in Tables 9 and 10. By systematically removing variables 
from the models, we developed a model that provided the highest R 
square. in all cases, the models developed were relatively simple, 
with only two to three variables explaining most of the variability in 
toxicity (Table 10). Manganese was the only significant variable that 
was associated with a reduction in organism’s response relative to 
control’s response in the Microtox, lettuce seed, and sago pondweed 
bioassays. Total petroleum hydrocarbon was the only significant 
variable that was associated with a reduction in C. tentans biomass. 
All other variables that were significant components of the toxicity 
models exhibited positive effects on the toxicity response variables 
(i.e:reduced toxicity). Analyses of this type may be revealing, but also 
may be misleading. Mathematical models of this type are inherently 
burdened with assumptions and statistically based sampling errors. 
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For example, correlations between the significant model variables 
and other unmeasured variables may exist in which the unmeasured 
variable is actually responsible for the obsemed effects. In short, 
these regression models do not demonstrate cause and effect, but do 
aid in the development of hypotheses to explain observed 
phenomena. 

Discussion 

Bioassays conducted on the water column clearly indicated that 
the surface water in Siocum and Hancock Creeks, at least for the time 
periods sampled, demonstrated little toxicity. Sample sites that did 
demonstrate toxicity in one sample period did not consistently 
produce toxicity across ail sample periods. Therefore, water column 
bioassays do not support the hypothesis that water from Siocum 
Creek is more toxic than that from Hancock Creek. Since the 
presence of toxins in the water column is often transient in both time 
and space (note the differences between the first and third sampling 
periods), it is possible that a more rigorous sampling schedule could 
yield information on potential pulses of toxicants entering the system. 

Sediments are generally more temporally stable as 
contaminant sinks and sources. As such they reflect not only current 
contaminant inputs, but also past inputs. Depending on the physical 
and chemical nature of the sediments and surface water, sediments 
may supply contaminants to relatively uncontaminated surface water 
to achieve a chemical equilibrium between the two matrices. Our 
water bioassays did not detect widespread toxicity either spatially or 
temporally, suggesting that the sediment may not be contributing 
substantial quantities of metals to the water column. An alternate 
hypothesis is that the resolution of our test procedures were not 
sufficient to detect the contaminants present in the water column. 

In contrast to surface waters, bulk sediments and sediment 
interstitial porewater exhibited widespread toxicity throughout 
Slocum, Hancock, and Goose Creeks. The detected toxicity was 
relatively reproducible through time. The incidence of toxicity in 
sediments was not greater in Siocum Creek compared to Goose and 
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Hancock Creek, suggesting that the metal enrichment reported in 
Slocum Creek was not necessarily responsible for the observed 
toxicity. We suspect that some of the toxicity observed with the 
Microtox bioassay was the result of hydrogen sulfide, which was 
readily detectable by odor in many samples, or perhaps ammonia. 
However, these rather volatile chemicals probably do not explain the 
lettuce seed root elongation results. The root elongation tests were 
conducted under conditions that would facilitate the volatilization of 
volatile compounds (petri dishes had a large surface area to volume, 
and tests were conducted over a period of time that would seem to be 
sufficient to allow the escape of the volatiles from the water. 

We developed models to explain the toxicity of sediment and 
porewater based on sediment chemistry and physical factors. The 
models did not indicate that the metal enrichment of Slocum Creek, 
as reported by Riggs et al. 1991, was directly responsible for the 
observed toxicity in the bioassays. However, the presence of total 
metals in water and sediment does not necessarily mean that the 
metals are available to aquatic organisms (Luoma 1983). Metal 
analyses for the current study were for total metals, not bioavailable 
metals. The bioavailability and toxicity of pollutants in aquatic 
systems is influenced by water and sediment chemistry as well as 
physical factors (Larsson et al. 1992, Di Toro et al. 1992). For 
example, the degree of toxicity for the same concentration of a 
sediment-borne metal may be manipulated by altering sediment 
composition (Adams et al. 1985, Swartz et al. 1985, Kemp and Swartz 
1986). Factors that may influence the bioavailability of metals include 
the presence of cations, pH, redox potential, and temperature 
(Luoma 1983) as well as sediment grain size and organic matter. 
Larsson et al. (1992) reported that humic acid in the water was 
inversely correlated with levels of pollutants in fish from 61 lakes in 
Scandinavia. Several reports indicate that biological effects are 
related to the divalent metal activity in water (Sunda and Guillard 
1976, Borgmann 1983). 

Di Toro et al. (1992) used a series of invertebrate bioassays to 
assess the toxicity of cadmium and nickel-spiked marine and 
freshwater sediments. Their results suggest that cadmium and nickel 
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Table 1. Microtox EC50 toxicity rating scale. 

Toxicity Rating EC50 

no toxicity 1100% 

slight toxicity 

moderate toxicity 

toxic 

very toxic 

extremely toxic 

m-99% 

6O-70% 

40-59% 

20-39% 
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Table 2. Summary of water toxicity assessed with the Microtox bioassay, 1991. 
Toxicity was ranked as N = non toxic; M = 50<EC50clOO = moderate toxicity; and 
T = EC5040 = toxic. Blanks indicate no samples were taken. 

SlM 

1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

Water Surface 
Date 1 

2/4-2/6/91 

1 
N 

T 
M 
T 
T 
N 
N 
N 
N 
N 
N 
N 
N 
N 
U 
N 
M 
N 
M 
M 
M 
N 
T 
U 
M 
U 
U 
M 
N 
U 
U 
M 
N 
N 
N 
M 
N 
N 
M 
N 

Water bottom Water surface Water Bottom 
Date 1 Date 2 Date 2 

214.2/6/91 5122-5123191 5122-5123191 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N M 
N 

N N 
N N 
N N 

N 
N 
N 
N 
N 
N 

M N 
N 
N 
N 
N 
N N 
N 
M 
N 
N 

M 
M 
M 
N 
N 
N 
N 
N 
N 
M N 

N N 
N 

Water surface Water Bottom 
Date 3 Date 3 

10125-1116i91 10125.1118191 

N 
N 
N 
M 
N 
N 
N 
N 
M 
N 
N 

. N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
U 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N - N 
N 
N N 
N 
N N 
N 
N N 
N 
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Table 3. Comparison of microtox pore water toxicity results for 
for 43 sites in Slocum Creek (SC), Hancock Creek (HC), and the 
Neuse River (NR). Samples demonstrating toxicity are indicated 
by T, no toxicity by NT. Blank spaces indicate that the sample 
was not assayed. 

Slte 

SC1 
SC2 
SC3 
SC4 
SC5 
SC6 
SC7 
SC8 
SC9 

SC10 
SC1 1 
SC12 
SC13 
SC14 
SC15 
SC16 
SC17 
SClB 
SC19 
SC20 
SC21 
SC22 
SC23 
SC24 
SC25 
SC26 
NFI27 
Nfx28 
NR29 
NR30 
NR31 
HC32 
HC33 
HC34 
HC35 
Hc36 
HC37 
Hc38 
HC39 
HC40 
HC41 
HC42 
HC43 

OctlNov 1990 

T 
T 
T 
NT 
NT 
NT 
NT 
T 
T 
T 
T 
T 
T 
T 

NT 
T 
T 
T 
T 
T 
NT 
T 
T 
T 
NT 
NT 
NT 
NT 
NT 
NT 
T 
T 
T 
T 
T 

Nr 
T 
T 
NT 
T 
T 
T 

June 1992 

NT 
T 
T 
T 

NT . 
NT 
Nr 
T 
T 
T 
T. 
T 
T 
T 
T 

NT 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Nr 
NT 
NT 
NT 
T 
T 
T 
T 
T 

NT 
T 
T 
T 

T 
T 
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Table 4. Toxicity ratings of Microtox (EC50 results for 5 and 15 min. bioassays) and 
lettuce seed root elongarion (96 control) performed on -water f!rom sediment samples 

collcctcd from the Ncusc River (NR), and Slocum (SC), Hancock (HC), and Goose (GC) 
Creeks, North tChd.ina, June, 1992. 

MiCIOtOX 

Root Elongation 
Site smin 15 min (46 control) 

SC1 

SC2 

SC3 

SC4 

SC5 

SC6 

SC7 

SC8 

SC9 

SC10 

SC11 

SC12 

SC13 

SC14 

SC15 

SC16 

SC17 

SC18 

SC19 

SC20 

SC21 

no toxicity 

CxtItmt tax 

vuytoxic 

cxttemetox 

notoxici~ 

no toxiciq 

notoxicity 

cxucmc tox 

exucmc tox 

mc&atctox 

tOXiC 

no toxicity 

no toxicity 

toxic 

very toxic 

no toxicity 

VUJQOXiC 

cxtxuncmx 

cxtxcmetDx 

cxmmctox 

vay tox 

no toxicity 

ex~tox 

vuytoxic 

exttemctox 

no tfxcicity 

no toxicity 

notoxicity 

cxlIumtox 

CJmuIEtDx 

nlodrmctox 

toxic 

no toxicity 

notoxicity 

modaatc mx 

toxic 

notoxicity 

vuy toxic 

cxtIcmctox 

cxtremctox 

cxtrcMtox 

cx-tox 

Iloto~ty 

toxic 

toxic 

toxic 

tOXiC 

toiic 

toxic 

toxic 

toxic 

Ilotoxici~ 

no toxicity 

no toxicity 

toxic 

no toxicity 

no toxicity 

no toxicity 

tOtiC 

toxic 

toic 

toxic 

tOtiC 
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Table 4 cont’d. 

Site 

MiCIOtOX 
Root Elongation 

5mi.n 15 mill (96 control) 

SC22 tOXiC 

SC23 cxucmc tDx 

SC24 no toxicity 

SC25 CXttCIWtOX 

SC26 -00X 

m27 IIXXhtCtOX 

NR28 no toxicity 

N-R29 no toxic@ 

NR30 no to* 

NR31 lSOtOXi@ 

HC32 cxtxum tox 

HC33 aucmctox 

HC34 cxuemc tox 

HC35 veJytoxic 

Hc36 cxmmc tox 

HC37 notoxicity 

HC38 extItMtOX 

Ha9 very toxic 

HOI0 atxum tox 

HC42 nmdaatctox 

HC43 atrcmcmx 

GCl atrtmttox 

GC2 aucmetox 

toxic 

cxaenxmx 

slightmxici~ 

cxtxenlctox 

am tox 

KdKatCtOX 

no toxic@ 

moxici~ 

notoxkily 

Ilotoxicity 

uctlulxtox 

CXttUtEtOX 

cxucmctox 

vuy toxic 

cxtmnc tax 

nototity 

CxlxcnE mx 

vcIytoxic 

cxtImxEtox 

slight tox 

cxuunc tax 

atrcnxtox 

cxtl.cxxx mx 

tOXiC 

tOXiC 

toxic 

toxic 

ml* 

Ild 

ml. 

lid 

nd 

nd 

nd 

ml 

nd 

nd 

toxic 

toic 

tOXiC 

toic 

toxic 

notoxicity 

toxic 

CxtnQnttox 

toxic 
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Table 4 cont’d. 

MicrOtOX 

5min 15 min 
Root Elongation 

(% control) 

GC3 

GC4 

GC5 

GC6 

GC7 

GC8 

GC9 

GClO 

exkeme tox 

cxmmc tox 

cxtrcmctox 

cxtn!mctox 

very toxic 

no toxicity 

cxmrrle tox 

no toxicity 

cxtrcmetox tOXiC 

anemc tox tOXiC 

CxlIemc tax toxic 

CXllUZtOX toxic 

vuy toxic toxic 

no toxicity nd 

acmmc lox nd, 

notoxicity nd 

*Salinity was >7%0 for these sites, therefore lettuce seed bioassays were not performed. 

. 



Table 5. Sago pondweed biomass (change in fresh weight relative to control at 2ld), Chironomw rentattJ , Microtox, and 
lettuce seed bioassay results on sediment and porewater samples collected from Slocum (SC), Hancock (HC), and Goose (GC) 

Creeks, North Carolina, June, 1992. 

Site 
Plant 

Growth 

Microtox (EC50) 

snlln 15min 

Lettuce Seed 

Germination Root Elongation 
(% Control) (98 Control) 

C. tenruns Biomass 
(96 Control) 

ClCl 
GC2 
GQ 

E 
HC37 
HC38 
HC39 
HW 

Ef 
SC.12 
SC13 
SC16 
SC19 
SC20 
SC25 
SC4 
SC8 

51.8 f 26.3 
42.4 f 20.6 
50.9 f 24.1 
46.9 f 13.8 
522 f 35.9 
56.5 f 15.1 
56.5 f 18.5 
69.9 f 31.0 
47.4 f 17.1 
36.9 f 24.3 
62.2 f 14.6 

168.7 f76.1 
48.8 f 25.2 
52.8 f 19.9 
93.7 f 43.5 
62.9 f 20.5 
95.7 f 25.0 
50.8 f 21.5 

100.8 f 49.4 

7.4 (5.8-9.3) 8.8 (6.6- 11.9) 
10.2 (8.6-12.1) 11.3 (10.2-12.6) 

4.5 (2.2-8.1) 4.3 (2.3-8.1) 
3.5 (1.9-6.2) 4.8 (2.4-9.7) 

1.2 (0.45-3.3) 2.6 (1.5-4.6) 

6.4 (3.2-l:; 1.7 (.075-E) 
22.9 (19.1-27.7) 23.6( 18.9-29.4) 

5.5 (3.68.5) 8.5 (5.7-12.6) 
10.5 (7.9-13.9) 9.7 (7.9-12) 

55.3 (44.9-68.1) 54.6 (41 A-7 1.6) 
91.7 (75.6-l 11.3) 95.4 (76.2-119.3) 

58.2 (38-8;.$ 76.4 (65.7-88.9) 

14.1 (9.2-21.5) 14.7 (9.4-2:: 
4.2 (2.2-8) 5 (2.0-8.5) 

14.7 (8.9-24.4) 14.7 (8.4-25.6) 
0.48 (0.11-2.1) 0.73 (0.03-16.7) 
9.7 (7.9-l 1.8) 9.9 (7.9- 12.3) 

80.8 f 11.5 
98.1 f 8.2 

103.8 f 0 
103.5 f 11.6 
103.8 f 20.0 
94.9 f 11.7 

101.7 f 0 
101.7 f0 
98.3 zk 5.9 
88.W 15.5 
91.6fO 

:i?; 2: 
$9” 2 ::;6 
91:6 f 10:2 
98.3 f 5.9 
91.6 f 10.2 
98.3 f 5.9 ’ 

23.2zk 15.0 
32.2 f 11.9 
37.6 f 15.8 
47.3 f 27.5 
38.6f 13.0 
;;.; 2 ;.y 

. . 
53.6 f 1.6 
57.3 f 2.6 
47.0 f 3.7 

116.2f 27.0 
108.6 f 6.2 
75.9 f 4.0 

137.2 f 6.7 
42.5 f 2.9 
44.5 f 2.4 
37.3 f 2.4 
46.4 212.8 
53.1 f 2.0 

108.4 
90.6 
86.7 
38.6 
65.1 
93.7 
84.5 
98.1 

104.9 
108.0 
64.6 

62.; 

88Fi 
65:6 
82.9 

111.2 
89.5 

. 

c 



Table 6. Comparison of lettuce seed, Chironomus, plant growth, and Microtox bioassays performed on 19 sediment or 
porewater samples collected from Slocum, Hancock, and Goose Creeks, North Carolina, June 4-6, 1992. 

Y Variablw 

Lcuuce seed 

Root Elongation GClllli~liON Chimnomus Plant Growth MkrolDx 

RWt 
Elongrtiont 9 100.0 0 0 52.6 41.4 0 42.1 41.4 10.5 63.2 15.8 21.1 73.7 0 26.3 

GcJminndonL 0 52.6 0 47.4 loo.0 0 0 89.5 0 10.5 41.4 0 5.3 26.3 0 73.7 

chirommlu~ 2 42.1 105 41.4 89.5 105 0 100.0 0 0 47.4 0 52.6 26.3 5.3 68.4 

Plant Growlht IO 63.2 21.1 103 47.4 52.6 0 47.4 41.4 5.3 100.0 0 0 57.9 10.5 31.6 

MklOlOXf 14 73.7 26.3 0 26.3 73.7 0 26.3 68.4 5.3 57.9 31.6 10.5 100.0 0 0 

A=pexcmage d limes X and Y agreed on whether or not sample wan toxic 
Bqaumage of times X toxk when Y showed no toxicity 
Cppuccntago of times X was not toxic when Y showed toxicity 
+PerceN of sample with mean root elongalion nlative to control S 50%. 
4bunt of samples with mean 46 germinalJon S 50%. 
h%xnt of samplts with mean biomass rclativc lo control S 50%. 
ht of samples with mean growth (96 change in fresh weight nlativc to cr>ntrol at 21 d) 5 54.65%. 
&crccn~ of samples with EC50 5 50%. Rcsuhs for 5 and 15 min. bioassays wcrc identical. 
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Table 7. Correlation cocffkient~ of plant pwth, Chironamu~ tern,, Micrr~tox, and 
lctruc~ se& fyhassays perfotmcd on sediments orporcwater samples collect& hm 

sbcum, ~anmck, and Goose Creeks, North C!aroU June, 1992. 

IAtuce seed 

Plant Pcmxrlt Root 
Growth c. tentam MiCIOtOX Germination Elongation 

Plant 
GrOWtIlt 

C. tentms y 

Microtoxf 

Peaat 
Germination* 

Root 
Elongationf 

l.OOQO -0.3320 0.1121 0.1523 0.029 1 

-0.3320 1.oooo -0.3799 -0.2909 -0.4155 : : - 

0.1121 -0.3799 l.OWO 02333 0.793 1 

0.1523 -0.2909 02333 

0.0291 -0.4155 

-- 

‘W 

knt change in fksh weight relative to control at 21 d for saga pondweed. 
YPucent control biomass. 
~E%o for 15 min assay. 
Spcrcat gcmimtion xelative tD conlroL 
fRoot clongarion relative to contmL 



Table 8. Total organic carbon (TOC), acid volatile sulfides (AVS), and physical properties of 
selected sediments from Slocum, Hancock, and Goose Creek, 1992. 

Creek Sample % Clay X Sand % Silt % Moisture TCC AVS 

Goose 

ooose 

Goo!a 

Goose 

Gocse 
HtiflCDCk 

HafKX3Ck 

Han& 

HZIlEOCk 

Hancock 

Slocum 

Slctcum 

Slocum 

Slocum 

Slocum 

Slocum 

Slocum 

Slocum 

Slocum 

GCl 

HC37 

HC36 

HC39 

HC40 

HC43 

SC1 1 

SC12 

SC13 

SC18 

SC19 

SC20 

SC25 

SC4 

28.8 44.4 29.0 84.8 11.54 58 

35.0 38.8 28.3 88.1 13.25 110 

17.9 78.1 8.0 78.4 5.22 878 

43.3 45.9 10.8 87.0 12.89 15 

28.4 83.5 8.1 88.9 21.41 10 

5.9 89.7 4.4 32.4 1.14 936 

0.0 44.9 55.1 07.8 21.14 83 

51.8 14.1 34.4 70.3 9.68 135 

13.2 75.9 11.0 70.0 12.57 88 

2.5 97.0 ' 0.5 28.9 0.21 10 

10.7 82.9 8.4 84.7 3.77 78 

43.7 23.9 32.4 48.0 2.89 78 

3.4 98.0 0.6 20.8 0.28 20 

10.5 88.4 3.i 88.8 7.01 47 

31.4 18.0 52.8 85.5 16.76 208 

38.0 29.0 32.9 83.0 12.51 136 

44.8 31.8 23.6 81.7 12.76 67 

8.3 88.5 3.2 39.2 , 2.08 750 c! 
32.8 32.8 34.5 89.4 7.2 256 % 



Table 9. Elemental composltlon and total petroleum hydrocarbons of selected sediments from Slocum, Hancock, 

and Goose Creeks, NC, 1992. 

Crook kmph Al Al Cd cr cu FO HO Lln NI Pb se Zn TPH 

ooou ocl 

oom4cx2 

oalwm 

c3ooaoGa 

oom4a!8 

Hlmcmck tkx7 

HmwJdcHc38 

H&KadI HWO 

Hnaod! HC40 

Hmad Hc43 

shcull 8Cll 

sktaml aC12 

QoaJm SC13 

sbnl SC16 

sbcmr SC10 

sknamsc2o 

t3oaml SC25 

aoamm 

s&aRnsa 

1004s 8.14 

20476 6.67 

9443 2.91 

2030s 5.38 

33778 0.87 

3043 1.1 

12642 1.47 

38749 4.81 

0770 2.4s 

780 eO.8 

8830 2.86 

24233 7.3 

011 0.81 

7602 2.28 

12727 3.88 

34008 4.7s 

22614 2.67 

3430 0.07 

lOS71 3.33 

0.49 20.17 

qo.2 11.86 

0.3s 8.70 

eo.2 23.118 

eo.2 14.06 

<0.2 6.4 

eo.2 11.47 

0.74 40.88 

0.24 9.28 

eo.2 81 

10.30 135.87 

7.30 102.11 

0.24 4.01 

0.24 1.42 

4.81 74.8 

1.82 45.03 

co.2 la.07 

1.13 12.04 

3.85 81.8 

14.42 23804 

4.2 16866 

6 11808 

a.08 25041 

0.17 11021 

4.70 4788 

6.16 10104 

'13.8 30857 

4.06 0980 

<I 682 

14.24 0027 

18.33 16384 

el 970 

1.12 6108 

21.83 14720 

12.01 24070 

4.38 12370 

a.47 3085 

20.14 22746 

0.18 170 16.53 20.4 

qo.1 84 10.28 11.7 

0.11 128 7.06 18 

0.11 11s 11.00 14.4 

0.14 144 8.22 11.0 

0.1 47 <5 20.7 

0.11 77 7.25 12.2 

0.14 102 11.38 37.0 

eo.1 49 <5 20.6 

so. 1 IS <S <I 

co.1 41 0.01 57.1 

0.17 4s 8.19 88.4 

ao.1 11 es 6.3 

eo.1 28 <s 3s 

0.23 .*168 16.28 30.4 

0.10 234 14.82 25.3 

0.18 58 7.28 15.5 

0.13 70 Cl 44.3 

0.32 208 13.28 105.3 

*l 82.1 

<l 18.3 

<l 53.1 

<l 31.8 

<I 34.8 

<l 8.3 

<1 25.2 

<l 395 

<I 28.1 

<l cs 

<I 84.3 

Cl 83.7 

cl 9.6 

<I 40.2 

1.78 89.8 

*I 84.4 

<l 28.6 

<l 44.2 

<l 100.9 

2.08 

2.48 

2.24 

3.82 

8.91 

0.25 

7.36 

0.00 

2.33 

0.13 

11.34 

12.79 

1.24 

2.03 

11.87 

4.47 

4.24 

1.04 

0.37 
? 

kz 

t 

: c 
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Table 10. Physical and chemical sediment variables significantly (PsO.05) 
contributing to toxicity models for four bioassays. The total model tested by 
interactive, stepwise linear regression was based on the following variables: 
% sand, % clay, % silt, total organic carbon (TOC), acid volatile sulfides, the log 
of the following elements: Al, As, B, Cd, Cr, Cu, Fe, Hg, Mn, Mg, Ni, Pb, Zn; and the log 
of total petroleum hydrocarbons (LTPH). Positive correlation coefficients are 
indicated with a ‘+’ and negative with a ‘-’ sign. Blanks indicate that the variable 
was not a statistically significant component of the model. 

Mictotox Sag0 Root 
5 min. test Pondweed Elongation Chironomus 

% Clay + 

TOC + 

Log TPH 
- . w 

Log Cr + 

Log Mn - 

Log Pb 

Log Hg + 

Model 
R square 0.74 0.75 -0.65 0.45 
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Figure 1. Water sampling sites in the Neuse River, Slocum Creek, and 
Hancock Creek, North Carolina. 
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Figure 2. Sediment sampling sites in the Neuse River, Slocum 

Creek, and Hancock Creek, North Carolina. 
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Figure 3. Sediment sampling sites in Goose Creek, Figure 3. Sediment sampling sites in Goose Creek, 
North Carolina. North Carolina. 
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Figure 4. Calibration of toxicity ratings for lettuce seed root elongation bioassays based on root 
elongation in response to salinity. Elongation is ex ressed as a percent of control (0 ppt) plants. 
The non-toxic range was determined as the mean or control values f 2 standard deviations. P 
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Figure 5. Selected sampling sites in Slocum Creek from which 
sediments were analyzed for physical and chemical variables and 
toxicity. 
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Figure 6. Selected sampling sites from 
Hancock Creek from which sediments were 
analyzed for physical and chemical . _, . - 
variables and toxicity. 
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Figure 7. Selected sampling sites in Goose Creek from 
which sediments were analyzed for physical and chemical 
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Figure 8. Surface water toxicity (1 m below surface) of water samples 
collected from Slocum and Hancock Creeks and the Neuse River 2/7/91. The 
15 minute Microtox bioassay was used to determine toxicity. 
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Figure 9. Surface water toxicity (1 m below surface) of water samples 
collected from Slocum and Hancock Creeks and the Neuse River 5/23/91. The w. 
15 minute Microtox bioassay was used to determine toxicity. . . 
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Figure 10. Surface water toxicity (1 m below surface) of water samples 
collected from Slocum and Hancock Creeks and the Neuse River, November 
1991. The 15 minute Microtox bioassay was used to determine toxicity. :- 
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Figure 11. Pore water toxicity of sediments collected from Slocum and 
Hancock Creeks and the Neuse River, Oct/Nov 1990. The 15 minute 

Microtox bioassay was used to determine toxicity. 
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Figure 12. Pore water toxicity of sediments collect8d from Slocum and 
Hancock Creeks and the Neuse River, June 1992. The 15 minute Microtox 
bioassay was used to determine toxicity. 
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Figure 13. Pore water toxicity of sediments collected from Goose 
Creek 6/l l/92. The 15 minute Microtox bioassay was used to 
determine toxicity. 
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Appendix C-l 
Analytical chemistry report for 19 sediments collected from Slocum, 

Hancock, and Goose Creeks, June 1992. 



ECDMS ANALYTICAL REPORT (6) 

15Jul-94 

catalog: 66loool Regional Study Id: R&93-RWO6 Purchase Order. PACF-3-0004 

User M: RBNCSC Submitter: W. James Fleming - Raleigh, NC 

Lab Name: Geochemical & Environmental Reseatch Group, Texas A&M (GERG) 

Report Includes the Following S&ions: 

- Weight, % Moisture, Oh Lipid, Total Suspended Soiids 
- Soil / Sediment Parameters 
- Contaminant Concentrations 
- Procedural Blanks 
- Duplicates 
- Reference Materials 
- Spike Recoveries 
- Comments (Result Modifers and @WC Comments) 
- Analytical Methods 



catalog:861ooo1 
Page: 1 

Lab Name: GERG 16-u-94 Purchase Order. PACF-30004 

WEIGHT, % MOISTURE, % LIPID, TOTAL SUSPENDED SOLJDS 

SCll 
SC12 
SCl3 
SC16 

Eli 

E 

Petcent Percent TotalSuspended 
Moisture Lipid solids(%) 
P - 

22 
76.4 
66.96 

E 
67.75 
7627 
69.95 
26.94 
64.72 



Catalog: 8610001 
Page: 2 

Number 

Ei 
Hcd 

SCll 

z: 
SCl6 
SC39 

Ez 

Lab Name: GERG 15Juc94 Purchase Order. PACF-30004 

SOIL / SEDIMENT PARAMETERS 

Percent 
TVS 

Percent 

11.54 
1325 
522 
1289 
21.41 
1.14 
21.14 
9.68 
1257 
21 
3.77 

26 
7.01 
16.76 
12.51 
1276 
208 
72 

I 
%sand 

44.44 
38.75 
76.13 
45.85 
63.47 
89.66 
44.93 
14.09 
75.89 

8291 
23.88 
95.95 

1603 
29.04 
31.76 
88.51 
3276 

Particle Sie- 
%sin 

28.99 
2825 
5.97 
10.63 
8.12 
4.43 
55.07 
3436 
10.96 
.!I4 
6.41 
32.44 

Es 
5262 
3294 
23.62 
3.19 
34.48 

-I 
“AClay 

26.57 
35 
17.9 
43.32 
28.41 
5.91 
0 
51.55 
13.15 
2.52 
10.68 
43.68 
3.43 
10.49 
31.35 
38.02 
44.62 
8.3 
32.76 



Catalog:8610001 
Page:3 

Analyte Number 
-- 
AVS GCl 

z 

Hc37 

HC39 

SCll 
SCl2 
SC13 
SCl6 
SC19 

SC11 
SC12 
SC-l3 
SC16 

LabName:GERG 15YJuc94 P~daseOrder:PACF-3XKI04 

L-rr 

CONTAMlNANTCONCENTFLATlONS 

Result DetectionLimit Result DetectionlJmit 

56 10 8.6016 
110 10 13.145 
678 10 160.008 
15 10 1.953 
cl0 10 <I308 
9% 

:"o 
633.1104 

,83 10.1675 
135 10 32.0355 
88 10 26.444 
cl0 10 <7.306 
78 10 27.5184 
78 10 42.1278 
20 10 15.844 

28 
10 15.5899 
10 30.1184 

138 10 23.529 
67 10 lZZ61 
750 10 456.375 
258 10 78.9222 

19046 2925.4656 
29476 3522.382 

2228.548 
3685.4412 

33776 4417.9008 
2599.4052 

12542 1536.395 
36749 8720.5377 
9770 2935.885 
769 561.8314 

2409.624 
24233 13088.2433 
911 721.6942 

2548.1194 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

(wm Dry Wt.1 (pm Dry W(wm Wet Wt.1 (ppmWetWt.) 

1.536 
1.195 
2.36 
1.302 
1.308 
6.764 
1.225 
2.373 
3.005 
7.306 
3.528 
5.401 
7.922 
3.317 
1.448 
1.705 
1.83 
6.085 
3.059 

1.536 
1.195 
2.36 
1.302 
1.308 
6.764 
1.225 
2.373 
3.005 
7.306 
3.528 
5.401 
7.922 
3.317 

w 
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l&Name: GERG 15Juc94 Purchase Order: PACF-3-0004 

Analyte Number 
-v 
Al SC19 

Ei 

Ez 

2% 

z 
SC!2 
SC13 
SC16 
scl9 

C0NTAh'llNAMCUNCENTRATDNS(Cmt) 

Result Detection Limit Result Detection Limii 
@pm Dry Wt)@pm Dry Wt.)@pm Wet Wt.)(ppm Wet Wt.) 

sediments 
sediments 
sedimellts 
sediments 
sedments 

sediments 
sediments 
!sedlments 
sedimenk 
sediments 
sediments 
sedlmenk 

Ezzzlz 

49 
<2 
36 
<2 
<2 
<2 
<2 
.74 
24 

- 
10 
10 
10 
10 
10 

.5 
5 
.5 
5 
.5 
5 
5 
5 
.5 
.5 
.5 
.5 
.5 
5 
5 
.5 
.5 
.5 
.5 

2 
2 
2 
2 
.2 
2 
2 
2 
2 

1642.8696 1.448 
5966.818 1.705 
4174.962 1.83 
2092.6315 6.085 
6078.5389 3.059 

.789504 .0768 

.785115 .05975 
68676 .118 
.700476 -0651 
.113796 -0654 
.74404 .3382 
.180075 .06125 
1.os39!33 .11865 
.74524 .15025 
c.3653 .3653 
.89964 .1764 
3.94273 .27005 
541682 .3981 
-756276 .16585 
532864 .0724 
.81156 -08525 
.47031 .0915 
590245 .30425 
1.018647 -15295 

.075264 .03072 
<.0239 .0239 
xl8496 .0472 
<.02604 .02604 
c.02616 .02616 
c .13528 .13528 
c .0245 -0245 
.175602 .04746 
.07212 .0601 
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Analyle Nzre 

G 
E 
SC12 

Ez 
SC19 

kbName:GERG 15JuI-94 PurchaseOder:PACF-3-0004 

CONMMNANT CONCENTRATIONS (Cons) 

Result Detectionumll Fksutl Detectkxl unit 
@pm DlyWt)@pmDry\IU)(ppmWetWt)@pmWetWt) 

c2 
10.39 
7.3 
24 
24 
4.61 
1.52 
c2 
1.13 
3s 

20.17 
16.85 
8.79 
2358 
14.05 
5.4 
11.47 
40.88 
926 
<l 
135.67 
102.11 
4.01 

;ic 
45.93 
18.07 
1204 
61.6 

14.42 
42 
5 
8.08 

z 
2 

: 
2 
2 
2 
2 
2 

1 
1 

: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

c.14612 .14612 
3.865592 .07056 
3.94273 .10802 
.l90128 .15844 
.0796W -06634 
567528 .02896 
25916 -0341 
< .0366 .0366 
.687605 .1217 
1.116535 .06118 

3.098112 .1536 
2013575 ,119s 
207444 .236 
3.070116 .1302 
I.83774 .1308 
385256 .6764 
.4&075 .1225 
9.700824 .2373 
278263 .3005 
C-7306 .7306 
47.864376 .3528 
55.149611 .5401 
3.176722 .7922 
2792914 .3317 
10.80208 .1448 
7.631065 .1705 
3.30681 .183 
7.32634 .6085 
18.84344 -3059 

2214912 .1536 
SO19 .1195 
1.18 -236 
1.052016 .1302 
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LabName:GERG 15Jul-94 PuxhaseOder.PACF-3-OOCM 

Adyte Nz 
-m 
cu Gc5 

Eii 

Ei 
SC11 
SC12 
SC13 
SC16 
SC-l9 

E 
SC11 
SC12 
SC13 
SC16 
scl9 

Ez 

COMAMINANT CONCENfRATlONS (ConL) 

sdnents 
sediments 
sed!menls 
sediments 
saliments 
sediments 
sedirmnls 
sedinwnts 
sedimnts 
sediments 
sedinn3nts 
!sedimerlts 
sdmenk 
sediments 
sedimerlb 
smnents 
sediments 
sediments 
!sk!dlments 

6.17 
4.79 
5.15 
13.8 
4.05 
<1 
1424 
18.33 
<l 
1.12 
21.63 
1298 
4s 
8.47 
20.14 

15354 
979 
6106 
14729 
24970 
la79 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

a07036 
3239956 
.630875 
3.27474 
1217025 

&830672 
9.9ooo33 
< -7922 
.371504 
3.132024 
2.21309 
.79788 
5.153995 
6.160826 

.1308 

.6764 

.1225 

.2373 

.3005 
-7306 
.3528 
.5401 
.7922 
.3317 
.1448 
-1705 
.183 
-6085 
.3059 

3658.2944 1.536 
1870.7725 1.195 
2786.668 2.36 
3377.5182 1.302 
1441.5468 1.308 
3236.574 6.764 
1248.765 1.225 
7322.3661 2.373 
3001.8945 3.005 
498.2692 7.306 
3502.2456 3.528 
8292.6954 5.401 
775.5638 7.922 
2025.3602 3.317 
2132.7592 1.448 
4257.385 1.705 
2265.357 1.83 
2412.7025 6.085 
6958.0014 3.059 
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““g 

Ei 

Es 
HC36 

Ha0 

E 
scl2 
scl3 
SC16 
SC-l9 

E 

SC11 
SC12 
SC13 
SC16 

hbName:GERG lsJlJl-94 PuhaseOrderPACF-3-0004 

CONTAMINANT mNCENmAllONS(cmL) 

se&nenls 
sediints 
sedirmnts 
sediments 
sediments 
sedimnts 
sediments 
sediments 
sedii 
sediments 

sediments 
sediments 
EiziEz 
sediments 
csediments 
seciments 

.16 
<.l 
.ll 
.ll 
.14 
<.l 
.ll 
.14 
< .1 
<.l 
c.1 
.17 
<.l 
<.l 
P 
.16 
.16 
.13 
32 

179 
94 
126 
115 
144 
47 
77 
192 
49 
16 
41 
45 

.1 

.l 

:: 
.l 
.1 
.l 
.l 
.l 
.l 
.l 
.l 
.1 
.1 
.l 

:: 
.1 
.l 

5 

5" 
5 
5 
5 
5 
5 

z 
5 
5 
5 
5 

.024576 
c.01195 
a2596 
.014322 
.016312 

c 06764 
.0x3475 

<.03m 
< .07306 
<m!i28 

.091817 
C.07922 
<.03317 

iElF 

.079105 

.01536 

.01195 

.0236 
-01302 
.01308 
.06764 
.01225 
.02373 
.03005 
.07306 
.03528 
.05401 
.07922 
.03317 
.01448 
.01705 
.0183 
.06085 
.03059 

27.4944 -768 
11233 .5975 
30208 1.18 
14.973 .651 
18.8352 -654 
31.7908 3.382 
9.4325 .6125 
45.5616 1.1865 
14.7245 1.5025 
11.6896 3.653 
14.4648 1.764 
24.3945 2.7005 
8.7142 3.961 
8.8242 1.6585 
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LabName:GERG 15Jul-94 Purchase Order: PACF-3-0004 

Anal@ N= 
-w 
Mn SC19 

zz 

El 

Hc38 

E 
HC43 
SC11 
scl2 
SC13 
SC-l6 
scl9 

Sediments 
sediments 
Sediments 
Sediments 
Sediments 

158 
234 
58 

l& 

Sediments 15.53 
Sediments 1026 
sediments 7.95 
Sediments 11.09 
Sediments 622 
Sediments <5 
!Sediments 7.25 
Sediments 11.36 
Sediments c5 
Sediments c5 
Sediments 9.91 
Sediments 8.19 
Sedimf3nts <5 
Sediments <5 
Sediments 15.28 
Sediments 14.82 
sediments 726 
Sediments c5 
Sediments 1326 

Sediients 20.4 
sediments 11.7 
Sediments 16 
sediments 14.4 
sediments 11.9 
Sediments 20.7 
Sediments 122 
Sediments 37.9 
sediments 29.6 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

z 

5 
5 
5 
5 
5 
5 
5 
5 
5 

39.897 
10.814 

.724 
-8525 
.915 
3.0425 
1.5295 

122607 
1.8762 
1.443918 
813576 
<33a 
888125 
2695728 
<MO25 
<3.6S 
3.498248 
4.423419 
<3961 
<1.6565 
2212544 
3 
1.32858 
<3CM25 
4.056234 

.768 

.5975 
1.18 
-651 
.654 
3.382 
.6125 
1.1865 
1.5025 
3.653 
1.764 
2.7005 
3.961 
1.6585 
-724 
.8525 
.915 
3.0425 
1.5295 

313344 .788 
139815 -5975 
3776 1.18 
1.87488 .651 
155652 .854 
14.00148 3.382 
1.4945 .6125 
8.99367 1.1865 
8.8948 1.5025 

Det~Limil 
@pmWetWt) 
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se 

Analyte Number 

Pb HC43 
SC11 

Ez 
SCt6 

Ei 

Er 

SCll 

Ei 
SC16 
scl9 

Ez 

Lab Name: GERG 15&l-94 PurchaseOrder.PACF-3-0004 ^. 

-d 

CONTAMINANTCONCENWUlONS(ConL) 

SampleMatrix 

sediink 
Sediments 
sediments 

sediments 
sedii 
sediments 
sedimmnk 
sediints 
Sediments 

Total Petroleum Hydrocarbons 

ReSUlt DetectionLimit Result Detecmumit 
(wm W WWwm Dry WWwm Wet WtNwm Wet W 

$1 
69:4 
5.3 
35 
39.4 
253 
15.5 
443 
105.3 

<l 
<l 
<l 
<l 
<l 
cl 
<l 
<l 
<l 
<1 
Cl 

<l 
<l 
cl 
1.79 
cl 
<l 
<l 
<l 

2091503 32 
2479339 3 
2237443 A9 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

<3.653 
20.14488 
37.48294 
4.19866 
11-6095 
5.70512 
4.3l365 

*.x38 .1538 
c.1195 .1195 
<236 .236 
<.13M .1302 
c.1308 .1308 
e.6764 -6764 
c.1225 .1225 
x2373 .2373 
<3305 .3005 
<.73X .7306 
c.3528 .3528 
<5aOl .5401 
<.7922 .7922 
<LB17 .3317 
259192 .1448 
< .17a5 .1705 
c.163 .183 
<.6m5 .6085 
C.XE9 3059 

3.653 
1.764 
2.7005 
3.961 
1.6585 
.724 
.8525 
.915 
3.0425 
1.5295 
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CONTAMlNANTCONCENTRATlONS(ConL) 

Analyte Number Sample Matrix 
-- 
Total Petroleum Hvdrocarbons . 

sediments 
!33dinwds 
Sediments 

Result Detecthumll Result Det~Limit 
@pm Dry Wt.) (ppm Dry Wt)(ppm Wet Wt.) @pm Wet Wt.) 

3816794 
6.909091 
247093 
7.36%36 
990099 
2.332362 
.130548 
11.335616 
12789784 
1242156 
2932331 
11.865672 
4.469697 
4237288 
1.039604 
372671 

82.1 
16.3 
53.1 
31.6 
34.8 
8.3 
252 

26.1 
<5 

64.3 
63.7 
95 
402 
89.8 
64.4 
265 
442 

5 
.76 
.17 
.81 
2 
.8 
.l 
331 

.iif 
1.17 
159 

59 
1 
63 
-12 

5 1261056 
5 1.94785 
5 125316 

z 4.11432 4.55184 
5 5.61412 
5 3.087 
5 937335 
5 7.84305 
5 <3653 
5 226a504 
5 452w37 
5 75259 
5 13.33434 
5 13aBO4 
5 lo.%02 
5 48495 
5 26.8957 

-768 
.5975 
1.18 
.651 
.654 
3.382 
.6125 
1.1865 
1.5025 
3.653 
1.764 
2.7005 
3.961 
1.6585 
,724 
.8525 
.915 
3.0425 
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lab Name: GERG 15-Jut94 Purchase Order. PACF-HO04 

s 
RUtI Detecthhit Red DetectionLimit 

Analyte Number @pm Dry Wt.)@pm Dry Wt)(ppm Wet Wt) @pm Wet wt) 
-- 

zn sc8setmenb 190.9 5 56.39631 1.5295 

. . 
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Lab Nati: GERG 1!5JUC94 Purchase Order: PACF-3-OOM 

PRoCEDuRALBuNKs 

msanple 
Nmber RSUttTOtdUG 

% hAo&ll8 

AVS 

A 

As 

cd 

a 

ch 

Fe 

&I 

BLANK-A 
BLANK-B 
BLANK-C 

BLANK-A 
BLANK-B 
BMNKC 

BUNK-A 

EEE 

BUNK-A 
BLANK-B 
BLANKC 

BUNK-A 
BLANK4 
BUNK4 

BUNK-A 
BUNK-B 
BlANK-c 

BUNK-A 
BUNK-B 
BUNK-C 

BLANK-A 
BUNK-B 
BUNK-C 

BLANK-A 
BUNK-B 
BUMGC 

< 10 
< 10 
< 1.0 

\ 
< 10 
< 10 
< 10 

.73 
< .5 
.54 

< .2 
c2 
< .2 

<l 
<l 
<l 

<1 
<l 
cl 

. 

< 10 
< 10 
c 10 

< .l 
< .l 
< .l 
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lab Name: GERG 15-JlJl-94 Purchase Order: PACF-3-0004 

PROCEDURAl BLANKS (Cod) 

wsanple 
Ana)yte NlhHf TZZ% 

hh BUNK-A <5 
BUNK-B <5 
BLANK4 <5 

N BLANK-A <5 
BLANK-B <s 
BIANKC c5 

Pb BLANK-A <5 
BUNK-B <5 
BUNK-C <5 

KE-i 
<l 
<l 

BUNK-C <l 

BLANK-A c5 
BUNK-B <5 
BLANK-c <5 
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lab Name: GERG 15Juc94 Purchase Order: PACF-3-0004 

% Moisture 

AVS 

A 

As 

cd 

cr 

cu 

Fe 

Number 

HC37 
SC12 

HC37 

HC37 

HC37 

Grain Size-Clay GC4 Sediments 
SC12 sediments 

Grain SizM%rdGtX 
SC12 

Sediments 
Sediments 

Grain Size-SiH GCX 
SC12 

sediments 
sediments 

DUPLICATES 

sample- 
Sediments 
Sediments 
Sediments 

Sediments 
Sediments 

Sediments 
Sedimenk 

Sediments 
Sediments 

Sediments 
Sediments 

sediments 
sediints 

Sediments 
Sedimmts 

Sediments 
Sediments 

86.98 % 
32.36 0x7 
45.99 % 

=Dry 
1.1 Dry 

<2 Dry 
<2 Dry 

-Dry 
5.4 Dfy 

amDry 
4.79 Dry 

25941 Dry 
4mw 

43.32 % 
43.68 % 

45.85 % 
23.88 % 

l&B3 % 
ZU4% 

AVerage 

87.09 
33.06 
46.995 

14.5 
954 

4194.5 

6x6 
1215 

0.1 
0.1 

20.055 

6.05 

24825.5 
5431 

43.945 

4456 
2271 

11.495 
33.75 

Fkhth% 
DllferKx 

0.25 
4.23 
4.28 

6.9 
3.77 

56.52 
16.76 

22.44 
18.93 

0 
0 

35.15 
19.7 

67.11 
26.76 

8.99 
23.79 

2.84 
0.64 

5.79 
10.3 

11.57 
7.76 
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Lab Name: GERG 15JUC94 Purchase Order. PACF-3-0004 

DUPLlCATES(Csnt) 

Nt%? .z 

z7 
Sediments 
Sediments 

RWi#% 
Diff- 

tvtn GC4 Sediments 
Sediments 

.ll Dry 
<.l Dly 

115 Dfy 
ODry 

16 
E7 

Sediments 
Sediments 

9.685 
25 

Pb Sediments 
!Sediments 

11.09 Dry 
*5 w 

14.4 Dry 
20.7 Dry 

<l Dry 
<l Dry 

152 Dry 
=Dry 

se Sediments 
Sediments 

0.5 
05 

Tot. Organic Carbon 

sCl2 

zn 

Sediments 
sedimeflts 

Sediments 
sediments 

12.89 Oh 
269 % 

1270 % 
236% 

12835 
2925 

242 Dry 27.9 
11 Dry 9.65 

8.7 
0 

25.49 
24.3 

29.01 
0 

5.41 
23.83 

0 
0 

0.86 
2.39 

26.52 
27.98 
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REFERENCEMATERlALS 

&e Nx S.R.M. ID 
Reference Confidence Resrdt Percent 

S.R.M. Neme Value @pm / %) Interval @pm/%) Recovery 

Al 

As 

cd 

cr 

cu 

Fe 

t-b 

tvln 

N 

Pll 

BiGA NRCCBCSS-1 20237 Dry 
BCSB NRCCBCSSl 19164 Dry 

BCSS-A NRCC BCSS-I 
BCSS-B NRCC BCSS-1 

Sediment 
Sediment 

11.1 Dry 
11.1 Dry 

I.4 9.77 Dry 
1.4 9.92 Dry 

88.02 
89.37 

BCSk-A NRCC B-1 
BCSS-B NRCC BCSS-1 

Sediment 
Sediment 

Sediment 
Sediment 

Sediment 
Sediment 

.4 

.4 
88 
92 

BCSS-A NRCC BCSS-1 
BCSS-B NRCCBCSSI 

123Dty 14 60.35 Dry 49.07 
1=Dry 14 =sDry 48.37 

BCSS-A NRCC BCSSl 
Bcss-B NRCC BCSS-I 

18SDry 27 1823Dry 98.54 
18.5 Dry 27 16.87 Dry 91.19 

BCSS-A NRCCBCSSI 
BCSB NRCCBCSSl 

26761 Dry 
31275 Dry 

BEST-A NRCC BEST-1 Sediment J=Dty 309 c.1 Dry 108.7 
BEST-B NRCC BEST-1 Sediment J=W .009 <.l Dry 108.7 
BEST-C NRCC BEST-l Sediment .092 Dry .009 <.l Dry 108.7 
BEST-D NRCC BEST-1 Sediment .092 Dry Jo9 <.I Dry 108.7 

BCSS-A NRCC BCSSI Sediment =fW 15 215Dry 93.89 
BEiS-B NRCC B-1 sediment =DV 15 -DV 102.62 

BCSS-A NRCC BCSS-I Sediment 5-w 3.6 62.03 Dry 112.17 
BCSS-B NRCC BCSSl Sediment 65.3 Dry 3.6 54.15 Dry 97.92 

BCSS-A NRCC B-1 Sediment =-7Dry 3.4 19.69 Dty 86.74 
BCSS-B NRCCBCSSl Sediment 22.7 Dly 3.4 19.34 Dry 85.2 

* Only certified analytes Lit a confidence interval - all others are considered reference values. 
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tab Name: GERG 15Juc94 Purchase Order. PACF-3-0004 

REFERENCE MATERIALS (Cot&) 

‘c&lied 95% 

T 
Reference 

S.R.M. 1D -(pplnly Rizz$ S.RM. Name value (ppm /%) Interval 
- - 
se BCSS-A NRCC BCSS-1 Sediment *aDry .06 <IDry 232.56 

BCSS-8 NRCC BCSS-1 Sediment -aW .06 <IDry 232.56 

zn BCSS-A NRCC BCSS-1 Sediment 119Dry 12 121.8 Dry 102.35 
BCSSB NRCCBCSS-1 sediment 119DIy 12 1=Dry 100.84 

l Only certified analytes list a confidence interval - all others are considered reference values. 
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Lab Name: GERG 15JlJl-94 Purchase Order: PACF-3-0004 

SPIKE RECOVERiES 

sample spikelevel Amount Recovered l Spike/ 
Numb& Matrix’ &pm/%) @pm/%) 

SC12 sediments mm 
SC16 Sediments 1142 Dry 

8.81 
24.3 

Percent 
R-rY 

98.25 
96.67 

SC12 Sediments 124 Dry 
SC16 Sediments 122 Dry 

1.7 98.87 
5.35 . 100.16 

SC12 Sediments 43 w 4.09 Dty 059 95.12 
SC16 Sediments 42 w 4.33 Dry 17.5 103.1 

SC12 Sediments 498 Dry -m 0.49 97.03 
SC16 sediments 48.8 Dry 58.79 Dry 5.8 120.47 

SC12 Sediments 49.8 Dry 4737 Dfy 272 95.12 
SC16 sediments m.8 Dry 4922 Dry 4357 100.86 

SC12 Sediments 14936 Dry 15383 Dry 0.97 106.33 
SC16 sediments 14646.3 Dry 15107 Dry 24 103.15 

SC12 Sediments 5w 
SC16 sediink 5Dry 

SC12 sediments 507.9 l3y 
SC16 Sacfirnents -Dry 

2.94 
5 

114 
140 

1129 94.51 
19.15 107.23 p 

SC12 Sediments 186.7 Dry 160.67 Dry 
SC16 sediments 183.1 Dly ?26.72 Dry 

66.06 
123.82 

SC12 Sediments 124 Dry 9.9 Dry 0.18 79.84 
SC16 Sediments 122 Dry 142 Diy 035 116.39 

SC12 sediments 
SC16 sediments 

4656 Dry 49.8 93.49 
51.15 Dry 46.8 104.82 

l For a spike to be a valid measure of rnathod accuracy, this ratio must ba higher than 1 .O. 
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Lab Name: GERG 15-Jul-94 Purchase Order. PACF-MOO4 

SPIKE RECOVERIES (Cut) 

- 3 Spikelevel Amount Recovered ‘Spike/ Percent 
We Number @pm/*/o) @pm/%) Backgmund Recovery 

zn SC12 Sedimenls 298.8 Dry 304.5Dry 3.57 101.91 
SC16 Sediments 292.9 Dry 320.1 Dry 729 109.29 

l For a spike to be a valid measure of method accuracy, this ratio must be higher than 1 .O. 



. 
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COMMENTS (RESULT MODIFERS AND CWQC COMMENK) 

Number Result Modifier 

- NO DATA EXIST FOR THIS SECTION. 

APPROVAlq EC 



catalog: 8610001 
Page: 21 

Lab Name: GERG 15Juc94 Purchase Order: PACF-3-ooo4 

ANALYTICAlMElHODS 

MethodDescription 
- 

002 LABORATORY: Geochemical 8 Environmental Research Group, Texas A&M 

Tssue, Sedhentand Water- 

IL Mercury was detemined by EPA method 245.5 with minor revisions. 
Sediment samples can be analyzed either freeze dried or on a wet 
basis. Sediment samples are homogenized by mixing before subsampling. 
The tissue samples were homogenized in the original sample containers 
with a Tekar Tiiumizer and subsampled. Water samples are acidified 
(0.5% v/v with high purity nitric acid, HN03) in the original sample 
bottle. For sediments a 0.5 to 1.0 gram sample (dry weight) was used. 
For tissues a 1.5 to 2.0 gram sample (wet weight) was used. For water 
the sample size is 20 ml. 

For tissue and sediment, the sample is weighed into a 50 ml 
polypropylene centrifuge tube. 2.5 ml of concentrated sulfuric acid 
(H2SO4) and 1.5 ml of concentrated nitric acid (HN03) were added and 
the samples heated in a water bath at 90 C for 15 min. After cooling 
10 ml of distilled water and 15 ml of mixture of 3.3% (w/w) potassium 
permanganate (KMnO4), and 1.7% (wAv) potassium persulfate (K2S208) 
were added to each tube and the samples heated in a water bath at 90 C 
for 30 min. After cooling 5 ml of 10% (w/w) hydroxylamine 
hydrochloride (NH20H HCl) was added to reduce excess permanganate and 
the volume brought to 35 ml with distilled water. 

For water samples, the sample is weighed Into a 50 ml polypropylene 
centrifuge tube, 1 ml of concentrated H2SO4 is added and the solution 
mixed vigorously with a vortex stirrer. Then 4.5 ml of the 
KMnOr/K2S208 is added and the resulting mixture heated in a 90 C water 
bath for 2 hours. After cooling, 1.5 ml of a 10% (w&) hydroxylamine 
hydrochloride (NH20H HCl) solution is added, sample volume adjusted to 
a constant volume with distilled water and the resulting solution 
mixed vigorously. 
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ANALV-ICAL METHODS (Cant) 

Mercury is determined by a modification of the method of Hatch and Ctt 
(I 958). A portion of the digest solution is placed in a sealed 
container. To this is added 0.4 ml of 10% (w/w) stannous chloride 
(SnCl2). Mercury is reduced to the elemental state and aerated from 
solution into an atomic absorption spectrophotometer where its 
concentration is measured. 

1. ‘USEPA Contract Laboratory Program Statement of Work for Inorganic 
Analysis.’ Document Number ILMOl .O USEPA Environmental Monitoring 
and Support laboratory, Cincinnati, Ohio. 

2. ‘Interim Method for the Sampling and Analy& of Priority 
Pollutants in Sediments and Fish Tissue,’ USEPA Environmental 
Monitoring and Support Laboratory, Cincinnati, Ohio, Aug. 19n, 
Revised Oct. 1980. 

3. Hatch, W.R. and Ott, W.L, ‘Determination of Sub-Miiram 
Quantities of Mercury in Solution by a Flarneles Atomic Absorption 
Technique’, Analytical Chemistry 40,14 p 20852087 (1958). 

003 LABORATORY: Geochemical & Environmental Research Group, Texas A8M 

%r3yWeight 

ill. Approximately 1 gram of wet sample is weighed into a clean, labeled, 
preweighed 10 ml beaker. The beaker is placed in a forced air oven 
at approximately 75 degrees Celsius for 24 hours. The beaker with 
the dry sample is then weighed and the % dry weight is calculated by 
the formula: 
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ANAJmYllCAL MElHODS (Cmt) 

006 LABORATORY: Gecchmical & Environmental Research Group, Texas A&M 

GJainsize 

VI. A small aliquot of sediment is treated with 30% hydrogen peroxide to 
remove organic coating from grains. A dispersing agent is then added 
to the sample. The sand/mud fractions are then separated using a 63 
micron sieve. The sand fraction (~63 microns) is retained on the 
screen and the mud fraction (silt and clay <63 microns) is washed into 
a 1 (one) liter volumetric cylinder. The sand fractiin is dried, 
sieved on a 63 micron screen and weighed. The sediment which passes 
through the screen a second time is added to the 1 liter cylinder. 
The mud fraction is analyzed by stirring the cylinder and sampling 20 
ml aliquots at 4 and 8 phi intervals. The 4 and 8 phi samples are 
dried and weighed. The *X sand, sitt, and clay fractions are 
detenined on a dry weight basis. 

010 LABORATORY: Geochmbd 8 Etnhmmental Research Group, Texas A&M 

TOtdOQiWliC -bmebics 

X The second method (Coubmetrics) aiso bums sediment under an oxygen 
atmosphere to produce carbon dioxide gas. This gas is bubbled through 
an electrochemical cell, where a reaction between the CO2 and the cell 
solution produces a color change. This solution is then electrically 
back-titrated to the endpoint. The amount of electricity (coulombs) 
used to reach this endpoint is directly proportional to the amount of 
organic carbon in the sample. The concentration of inorganic carbon is 
determined using the same detector, but the CO2 is produced by 
acidifying the sample in a closed environment. 
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ANALYTICAL METHODS (Cc&) 

MethodDescription 
- 

012 LABORATORY: Geochemical8 Environmental Research Group, Texas A&M 

XII. Follow Method number 001 or Method number 004 for the extraction of 
sediment or tissues. After the extract has passed through an alumina 
column remove a known volume and rotovap to dryness. Bring the 
volume of the dried aliquot to 1 ml with methylene chloride and weigh 
a 100 microliter aliquot. The concentmtion of Total Petroleum 
Hydrocarbons is calculated by the formula: 

(wt.1oolJlafii)(tofalvohmle) 

013 IABORATORY: Geochemical8 Environmental Research Group, Texas A&M 

kid Volume Wkfe (AVS) 

XIII. Acid volatile suffrde (AVS) is defined as sufWes that are 
converted to H2S upon exposure to 1 N HCI at room temperature for 1 
hour. Approximately 10 grams of wet sediment are acidified with IN 
HCI, and reactive sulfides that are converted to gaseous H2S are 
trapped as Ag2S and measured gravimatr$ally. 

020 LABORATORY: Geochernical8 Environmental Research Group, Texas A&M 

TraceMethodTotalSedfrnentBOMBDigest 

XX. Sediments are digested in heavy-walled, screwcap Teflon Dombs with 
concentrated nitric acid, concentrated hydroffuoric acid and 4.5% boric 
acid added sequentially with separate 612 hour oven heating (120 deg. C) 
after each addition. This procedure rest&s in a total digestion with 
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ANALYflCAL METHODS (Co&) 

MefhodDesaiption 
- 

020 all trace elements present in the sediment sample being solubilized. 
Most metals in the digestate are determined by graphite furnace AAS, in 
which electrical heating is used to produce an atomic cloud. Some 
elements are typically in high enough concentration (e.g. Mn, Zn) to be 
determined by flame AAS. Mercury is determined by cold vapor atomic 
absorption spectrometry (AAS), in which Sn2+ is used to reduce HgO. 



Appendix C-2 
Microtox data for water samples collected February, May, and 

November, 1991 and porewater from sediments collected in October- 
November, 1990. 
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Slope cow 

0.16 

fise 

16:OO 

16:12 

9:03 

9:lO 

9:17 

9:22 

9:27 

934 

9:44 

952 

9:52 

1O:lO 

10:20 
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NUIbU 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10h 

10B 

11 

1U 

12B 

1% 

13B 

14A 

14B 

15 

16 

17 

18 

19 

20 

2lA 

2l.a 

22 

Date 
COl/nU 

- 
2/4/91 

2/4/91 

2/S/91 

215191 

2/s/91 

2/5/91 

2/5/91 

21-5191 

2/w 

2/5/91 

2/5/91 

215191 

2/5/91 

Z/5/91 

VP1 

2/5/91 

215~1 

2/5/91 

VP1 

216191 

2/5191 

2/5/91 

2/w 

215191 

214191 

214 P1 

VP1 

co.31 15.2 10.2 7.76 0.6 108 12.0 3-56 
---P---P 
to.31 16.0 9.6 7.12 0.6 60 mo1 - 

P-P--P-- 

co.311 11.0 8.5 - 1.0 152 - - - I PipeRilq erm 

0.45 1 aLh 11.5 9.3 6.77 1.0 115 15.5 12-20 
----w--e 

<0.3r 11.0 9.5 6.76 0.7 130 42.0 23-75 
--p-e--- 

03A 11.0 10.7 6.64 0.4 98 8.2 4-16 

0.84 

0.36 

ih [ 10.4 1 9.6 [ 6.59 1 0.3 1 79 1 23.9 ( 14-40 0.67 1 

1.17 1 

03.31 1 9.9 1 8.8 1 5.73 1 0.1 1 55 1 >1001 1 - 

0.49 1 reface 10.0 8.6 4.50 0.0 96 >lOO\ - 
v------- 

1.h 10.0 a.2 4.48 0.0 loo mo\ - 0.49 ( 
---I -I -l-l-l- I-i- 
0l.h LO 8.4 6.90 0.0 18 m0~ - 

-------- 

surface 14.9 7.3 7.20 0.0 25 >lOOt - 

0.76 

- 

1.01 14.9 6.9 7.30 0.0 25 >1001 - 
-------- 

5lrface 14.9 8.7 7.75 0.0 190 >1001 - 

- 

- 

- 

- 

l.ol 1 12.0 1 7.3 1 7.59 1 0.0 1 100 1 >1001 1 - 

surface 12.0 7.5 6.115 0.0 100 >lOO\ - 
-__I------ 

1.01 11.5 7.2 6.85 0.0 100 >1001 - -I 
<O.h 1 14.2 1 10.6 ( 7.09 ( 0.0 1 19 1 ,lOO\ ( - - 

0.59 ah 12.5 10.6 6.39 0.0 I >lOO\ - 
Y-----P- 

t0.h 12.2 12.4 7.11 1.0 150 95.7 33-277 
v---p--- 

<O.h 12.9 14.8 6.44 1.0 260 >loO\ - 

0.71 I 
- 

(0.31 1 11.2 1 13.2 1 7.02 1 3.0 1 340 1 40.8 1 27-61 0.75 1 

cO.h 11.6 12.6 7.71 3.2 469 >lW\ - 
7------- 

surfaa 14.5 14.6 l.86 3.9 490 99.2 39-252 
---P-m-- 

1.09 13.5 14.6 1.85 3.9 550 95.8 31-294 

1.10 

0.84 

1.11 

c&h 1 15.0 1 ll.9 1 7.32 1 3.5 1 465 1 69.1 1 37-11 0.51 1 
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I I Depth VI 
do2 pa 

I 
Salin. 

P/U 

cmldu. E50 
Value 

B- 
266 35.6 

-- 
600 >1001 

Sample Date 
Number all/N] 

23 t/5/91 

21 2/5/91 

25 2/5/91 

26 2/4 Pl 

27 2/4/91 

28 2/d/91 

29 2/4P1 

30 J/6/31 

3lA 2/6/91 

3lB 216191 

32 2/6/91 

33 2/6/91 

34A 2/6/91 

34B 2/6/91 

344 2/6/91 

35A VP1 

35B 2/6/91 

36 VP1 

37A VP1 

37B VP1 

38 VP1 

39 VP1 

40 VP1 

4lA VP1 

4lB VP1 

42 VW1 

24S I/6/91 

: : 

. , 

. 

I s 

. 1 

. I 

. I 

. I 

b I 

, . 

I . 

, . 

I . 

, . 

* . 

. 

, . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

12.3 14:oo <0.3a 14.9 
---- 

14:20 <CL31 16.0 

7.24 2.9 
II_- 

7.00 4.9 8.4 -4-I -- 

7-103 0.33 I I lk45 1 <0.3P 1 15.5 1 12.0 7.41 ) 4.a 420 1 27.6 

16:45 1 4.31 1 13.2 1 12.0 7.50 I 2.2 300 44.4 42-41 0.79 
-7-- 

202 57.9 5b67 1.35 
m--p 

365 73.1 26207 1.03 

-l--I-l- 
7.37 1 1.9 17:oo 1 <0.3r 1 12.0 1 12.1 

-l-l-l- 
17:12 ] x0.31 1 9,7 ] 12.1 7.34 1 3.0 

-- 

7.26 2.2 17:24 1 <0.3r 1 12.1 1 11.0 318 66.2 37-117 0.79 
---- 

MO 38.9 27-56 0.61 
wm-- 

320 >1001 - - 
-m-- 

500 69.3 15536 0.64 

-l-l-l- 
17:30 I <oJl I 10.0 I 12.4 7.28 1 4.3 

13:M ] !mface] 15.5 ] 8.7 7.39 1 2.1 

13:50 O,h 15.5 6.2 7.15 I 4.0 

-I- 
14:14 <O.h 15.0 11.5 7.20 1 3.5 

---I- 
9:50 1 to.31 1 12.2 1 7.8 450 1 56.4 ) U-218 1 0.71 1 6.96 1 3.1 

-- i I -- -I- 
lo:50 ] sarfacel 12.1 I 11.4 7.16 1 3.9 469 ] 51.5 ] 16-166 1 0.72 1 

690 ) 54.7 j 15-204 1 0.66 1 
-l-l-l- 

6.96 ) 5.2 10:50 1 1.21 1 12.5 1 9.3 

-l-l-l- -- 
I - - 10:M I 1.h I - I - 

11:30 I surface1 10.5 I 7.8 20 ) >1001 ) - j - ) 6.84 1 0.0 

11:30 I 1.01 11.6 322 >lOO\ - - 
---- 

10 >100t - - 

6.67 2.0 
-- 

0.5 

12.0 16:20 1 co.31 12.1 6.42 1 0.0 

12:oo ) surface 11.8 6.7 100 >1001 - 0.52 
---- 

410 >1001 - - 

6.40 0.3 
-- 

6.48 3.5 
-I- 

12:oO ) l.ol 11.6 5.6 

7.06 j 3.5 500 1 56.9 1 44-73 1 0.94 1 

150 1 >1001 1 - I - 1 

90 1 >1001 I - 1 0.35 (1 

12:30 Co.31 15.0 a.4 
w-- 

12:48 CO.3 14.0 5.2 
m--p 

13:OO co.31 13.2 9.2 

-I--- 
6.52 1 1.5 

-I- 
6.78 1 0.1 

13:15 1 sarfacel 12.0 I 7.5 49 1 71.3 ) U-422 1 0.11 ) 
-l -l- I- I 

5.71 1 0.2 
-l- 

13:15 1 1.2r 1 12.0 [ 4.6 520 ] >1001 1 - 1 - 1 6.59 ) 4.2 

16:09 1 X0.31 1 11.8 1 8.6 1 >1001 - 0.27 
-w-- 

- 0.7 o-9999, 0.21 

4.77 0.0 
-- 

7.59 - 14:20 I <O.h I - 1 - 



Sample Date The Hater Tmp. do2 gl Salin. Cmdu. E50 95\ Slope cumenb 
limber ad/run kptb (Cl P/U Value C.I. 

m- ~~~~~-~~~- 

24sA 2/6/91 14:20 <0.31 ’ ’ ’ ’ 7.59 - - 0.2 O-2157 0.49 
p--------e- 

25s 2/6/91 14:45 <0.3r - - 7.76 - - 1,8 o-7 0.65 
---Y-Y--P-- 

25SA 2/6/91 14:45 a.38 ’ ’ ’ ’ 7.76 - - 5.2 l-20 0.62 
,--Y----P---- 

325 2/6/91 14:11 to.38 - - 7.59 - - 2.6 O-877 0.39 
-----_I__------- 

32SA 216191 14:lk to.31 ’ ’ ’ ’ 7.59 - - 1.8 o-31 0.35 
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Sample 
fbber 

6 

7 

8 

9 

1OA 

1OB 

11 

126 

12B 

13 

14A 

14B 

15 

16 

17 

18 

19 

20 

Date Time Hater Tap. do2 pE 
WlJrUn &Pa (C) (PI 

-B-B-- 
5/21/91 14:17 0.6 25.0 2.4 6.86 

---- -- 

5/21/91 14:lO 0.8 24.0 5.7 7.14 
------ 

5/21/91 14:25 0.8 24.0 3,8 7.04 
P-P- -- 

5J2lJ91 14:22 1.0 25.0 8.3 7.45 
----_I_- 

5/21/91 14:36 1.0 24.0 8.8 7.32 
-F--P- 

5/21/91 14:40 0.8 25.0 7.0 7.32 
----_I_- 

5/2lp1 14:44 0.3 24.0 7.5 7.11 
--P P-P 

5/22/91 lo:oo 0.4 20.0 2.8 6.68 
--p-p- 

5/22/91 10:05 1.0 21.0 4.9 6.43 
---- -- 

5/22/91 lo:15 surface 21.0 6.5 5.91 
---- -- 

5J22J91 10:15 2.0 20.0 6.4 5.89 
p--p-- 

5/22/91 10:30 1.0 22.0 4.5 6.80 
P--P -- 

5/22/91 lo:40 surface 22.0 5.2 7.12 
P-P --- 
5/22/91 10:40 1.2 22.0 .5.6 7.15 
---- -- 

5/22/91 lo:47 0.6 22.0 4.3 6.91 
---- -- 

s/22/91 10:51 surface 22.0 4.2 6.87 
---- -- 
5J22J91 10:51 2.0 20.0 3.0 6.52 
-P---P 

5J23J91 13:50 0.8 26.0 8.4 7.17 
---- -- 
5/23/91 15:20 1.0 24.0 6.1 6.43 
---- -- 
s/up1 11% 0.4 24.0 5.2 7.06 
---- -- 

5/2l/91 14:w 0.7 23.0 3.1 6.38 
---- -- 

5/21/91 ll:25 0.5 23.0 4.1 6.55 
--- --- 
5/2lJ91 11:15 0.5 25.0 0.1 6.61 
---- -- 

5/11/91 10:50 0.5 23.0 6.5 7.n 
-- -- -- 
5/21/91 lo:55 0.6 23.0 2.4 6.110 
-- -- -- 
5/11/91 kO5 0.7 22.0 2.6 6.75 
-- --_I_- 
5J2lJ91 9:55 0.3 78.0 0.a 6.95 

5.4 ( 900 1 )1001 ! - 

5.8 I 1000 I a001 I - 
-l-l-l- 

4.0 1 680 1 >1001 1 - - 

3.5 1 600 1 >lOOt 1 - - 

225 430 >1001 - 
w--v 

2.5 400 >lOO\ - 

2.0 ( 340 1 a001 ( - 

0.1 I 55 I a001 1 - 

0.0 1 34 ( >lWI I - 

0.0 a 47.0 b20000t 
---- 

0.0 15 72.0 MOOOO( 
-l-l-l- 

0.0 1 24 1 >lW1 I - 
-l-l-l- 

0.0 1 25 1 >1001 [ - 
-l- l- I- 

0.0 1 25 1 GO01 1 - 

0.0 -1 19 [ )lOO\ ( - 
-I--- l -l- 

0.0 15 >1001 - 
---- 

0.0 11 mO1 - 

0.0 25 >lOOI - 
P--P 

0.0 6 >1001 - 

5.6 1000 >1001 - 
---- 

2.2 300 ,1001 - 

2.5 380 >1Oot - 
w--- 

7.6 1280 >1001 - 
---- 

7.1 1250 >lW\ - 

6.0 700 >lWI - 
---- 

2.7 420 >lOOt - 

7.0 1 uoo 1 >1wt I - 

Slope &mats 
‘W 

- 

- 

- 

- 

- 

- remmaid 1WI 

0.91 

0.82 

0.67 

- 

- 

- 

- 

- 

- 

- 

0.44 

- 

- 

0.91 

- 

- 

- 

- 

- 



pe Es0 
I 

951 
Value CL 

Slope cments 

0.65 >1oot 1 - 25 5/21/91 lo:25 0.7 20.0 5.0 
-m---p 

26b 5/21/91 1O:lO surface 22.0 7.7 

6.23 

8.06 

8.18 

I - 7.5 1 1200 

7.5 ) 1200 

>1001 1 - 

>1001 1 - - I 26B s/21/91 1O:lO 1.0 22.0 7.7 
------ 

27 s/22/91 11:20 0.3 25.0 11.8 
------ 

28 5/22/91 ll:b 0.5 25.0 11.9 

-I- 

7.91 1.2 1 1250 >1001 - I I- I 
7.93 81.8 l-4511 1.68 

--P 
NO01 - - 

--- 

>lOO\ - - 
--P 

88.0 44-178 1.35 
--- 

58.5 23-150 0.59 

7.5 1300 
-- 

8.2 13M 8.18 29 s/22/91 11:30 0.5 24.0 11.2 
------ 

30 5/22/91 llA0 0.2 25.0 11.9 
-----_I 

32 s/23/91 1O:lO 0.3 22.0 5.5 

7.88 a.5 1420 
-- 

7.0 1100 
-- 

5.8 1000 
-- 

6.0 1020 
-- 

0.1 70 
-- 

0.0 12 
-- 

2.5 320 

7.17 

7.08 33 S/23/91 lo:18 0.2 25.0 5.0 
------ 

34 S/U/91 lo:28 0.5 25.0 7.5 mot - - 
--- 

a001 - - 
--- 
>lOO~ - - 

--- 

>1001 - - 

7.07 

6.66 35 5/u/91 11:Ol 1.0 25.0 3.8 
----I__- 

36 s/n/91 15:oo 1.0 20.0 4‘2 
-p---p 

31 5/u/91 11:4t 1.0 23.0 4.9 

6.63 

6.57 

7.38 >lW\ - - 
--- 
>1001 - - 

--P 

>1001 - 1.13 
P-P 

87.6 60-127 0.87 
--- 
>lOO\ - 0.35 

2.0 80 
-- 

5.0 1000 

38 5/u/91 11:55 0.2 26.0 10.2 
-p---p 

39 S/23/91 12:50 0.6 27.0 9.2 6.69 

6.79 0.0 5 
-- 

5.0 900 

40 S/23/91 12:33 0.5 25.0 8.5 
PP---- 

4l.A S/23/91 12:15. surface 24.0 1.5 6.28 

I 
4lB 5/23/91 12:l5 1.5 24.0 0.3 

p---p- 

42 5/23/91 14:SD 1.0 20.0 I 6.3 

6.73 7.0 1100 
-- 

0.0 4 5.61 
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SIBCLN CREEI FIRST SEoIlWiT SERIF3 (SCA) g/26/90 ASUY SlMMRY TABIt 

Saxple Date bttoa Water &say Bate EC50 951 Toxic. 951 Slope Cements 
wuaber cdl. Type Depth Type Run Value C.I. units C.I. 

-- .-=-B--BB- 

Al 9126 <la 1001 9127 f. l! - VA II/~ - saturated toxic levels 
---------_I_- 

A2 g/26 <ll 1OOI 9127 54.3 25-116 I/A HP 0.79 
------_I_---- 

a3 9126 h 1001 9127 <1t - J/A up - Saturated toxic levels 
P-w-----P-- 

A4 9/26 2a 1001 9127 - - VA lip - Pippetiq mor 
--------_I_-- 

A5 9/26 lu lOOI 9/27 38.5 21-72 I/A Ir/A 0.82 
-~~~~------~~~~ 

A6 9126 (11 100% s/27 47.9 2348 VA UP 0.87 
-----p----e 

A7 9126 4u root 9127 - - VA I/h - Pipptiq error 
-v----v---e 

A8 9126 4a 1OOl 9127 71.9 46-108 I/A Ir/ll 0.96 
-------m--v 

u 9126 h 1OOI 9127 28.9 21-40 I/A l/a 0.86 

Date 
Cdl. 

P 
Value 

saaple 
muber 

lA 

18 

2A 

2aD 

28 

3A 

38 

(A 

4B 

5h 

5B 

6A 

6B 

7A 

78 

Bottol uater Assay Date 
mw me %n 

-- -- 

acasp b stand. lo/26 
-- -- 

acdsp b stand. lo/26 
-- -- 

acdqF 1.b lOO! M/26 
-- I__- 

a*f 1.51 1001 10/29 

10/25 ’ 16.9 

4.6 2-13 lOI25 

10/25 

10125 

I 
Li#t level * u/cone. 

NP)’ ’ ’ ’ 

m--- 

- - - 

--_I_ 

- - - 

>lOO\ 

>1001 - 

4-8 17.1 ( 13-23 1 0.71 lo/25 acdqP h stand. lo/26 5.8 
--- --- 

10/25 a& h staid. IO/26 37.6 
-I-l-- 

19-73 2.7 1 -5 1 0.52 
-I--- l- 

1.1 1 O-13 ] 0.38 lo/25 a& h stand. lo/26 89.2 8-1030 
-_I_- -I_-- 

10/25 A ul 1004 lo/26 >1001 - 
---e--- 

lops a Q 1001 lo/26 >lOOr - 
-v---p- 

lops Aalf <Ir 1001 lo/26 ,100; - 
--_I_---- 

la/25 kdi 1.9 lOOI lo/26 >1001 - 
w- ----- 
lo/25 adg 1.51 1004 lo/26 >1001 - 

---- --- 
10/25 aedg 1.b 1001 lo/26 >1001 - 

---m --- 
lo/25 a& h 1001 lo/26 >1001 - 

-- -F--w 
lo/25 aa% a 1001 lo/26 >lDO1 - 

Li#t level * u/cm. - - - --- I I - - - 
a - - 

I I 

Light level * u/am. 

Light level A v/arc. 

- 



Date Botton Water Assay 
cdl, Type Depth Type 

B--B 
lo/25 Acdf la 1002 

---__I 
lo/25 kdf la s&d. 

v--p 
lo/25 Acdf b stand. 

e--p 

lo/25 Acdf la Stard. 
w--y 

lo/25 aCdF 1.51 stand. 
m-y- 

lo/25 aCdP 1.9 staod. 
m-p- 

Xl/25 aCDPG 21 stand. 
---- 

10/25 aCDKi b stand. 
---- 

lo/25 WC h stand. 
--I__- 

10125 mc la stand. 
---- 

lo/25 AcDfg 1.51 stand. 
---- 

10/25 mfg 1.5l 1001 
---- 

10/25 am 1.5s lOOI 
P-P- 

lop CdFt 1.5s !md. 
---- 

10125 CDQ 1.51 lOO\ 
--_I_- 

IO/25 CDFg 1.511 starid. 
---- 
- - 0 - 

P-P- 
- - - - 

---m 

10/25 ah 0 1002 
m--p 

10/25 ak clr 1002 

Sample 
Number 

81 

88 

:= 

.- 

.- 

.- 

.- 

.- 

.- 

.m 

.- 

.- 

.- 

.- 

.- 

.- 

.- 

.- 

.- 

.w 

.- 

.- 

Li#t level 1 v/cm. 

Satnrated toxic levels 10126 (12 - - - 0.18 
--p--p 
10129 6.2 4-10 16.1 lb25 0.82 (Dnpli=te WY) 8BD 

8BA 

9b 

9B 

1OA 

10B 

lo/29 1 5.8 1 57 1 17.1 1 14-20 1 0.90 (Aa) St. assay u/222 

lo/26 1 2.4 1 l-6 1 41.6 1 17-101 1 0.56 

10126 <I2 saturated toxic levels - - - 0.16 
v--e 

4-11 14.4 9-U 0.64 
---- 

4-11 15.5 9-27 0.62 
---- 

lb32 9.1 e-10 0.82 

10126 6.9 

6.4 

11.1 

37.0 

10126 

10126 1lA 

11B 

12A 

128 

13A 

138 

14A 

14B 

lo/26 31-45 2.7 2-3 0.84 
---- 

36-89 1.8 l-3 0.70 lo/26 57.0 

lo/26 ,1002 - - - 0.71 
-__I---- 

lo/26 >lOOt - - - 1.36 

lo/26 22.3 16-30 4.5 3-6 0.55 
v----- 

10126 >1002 - - - - 
------ 

IO/26 1.75 b142 57.2 l-4635 0.40 

Light level A u/am. 

Unable to sasple 15A 

158 Unable to sample - - - - - - 

-F--P- 

10126 >lOti - - - 0.96 16b 

168 
-l-l-l-l-l- 

lo/26 1 >1002 1 - 1 - 1 - 1 8.78 

Sauple Date Bottm uater Assay Date KS0 
cdl. Type Depth Type rum Value 

-- B-B- 
17A 11/S C&f clr Stand. 1116 27.1 

------- 

17B ll/5 m an star& ll/6 8.9 
--v---v 

l&U ll/S C&P Ir Stard. ll/6 4.5 

20-36 3.7 3-5 0.93 

I-15 
I 

15-33 

i- 
46-U 

0.61 7-12 

60.8 0.52 (AR) St. assay u/222 



Assay 
w 

Sltlp? 951 Tlxic. 95t 
C.I. Units C.I. 

O-154 24,l l-897 
--- 

1-6 37.4 18-78 
--_I 

4-12 15.4 0-28 
--- 
3-17 14.2 6-35 

cooellts 

- 
0.83 

0.91 (Ut) St. assay u/221 

1.74 

~ 1.24 

~ 1.40 

1.67 

1.21 

1.22 (AN) loo\ assay 

(AR) 1DoI assay 

Light level A u/Dmc. 

(AR) ’ ’ ’ ’ 

Li#t level A u/amc. 

(AH) ’ ’ ’ ’ 

1.21 

0.91 

1.19 

2.17 

1.71 

2.03 

2.12 

0.98 

0.83 

(Duplicate assay) 

(AR) St. assay w/22! 

(AR) St. assay u/221 

u#lt level * u/cm. 

Li#ltlew!lAv/eos. 

Li#lt kvel * v/wit. 

Sanple Date 
N&X toll. 

Date EC50 
Run Value 

-- 
11/6 4.1 

-- 

11/6 2.7 
-- 

11/6 6.5 

11/6 1 7.0 

B&m Water 
w bpul 

-- 
CdGF l.s 

-- 

CdGf la 
-- 

cd!2 <lm 
-m 

cm am 
-- 

cm <Ia 
-- 

cdl2 43 
-- 

QiGF <la 
-- 

cm <Ia 
-- 

c&F <II 
-- 

cm <la 
-- 

OlGF h 
-- 

CdGf h 
-- 

CdGf h 
-- 

m h 
-- 

cdl2 h 
-- 

CdcF h 
-- 

cm h 
-- 

cm la 
-- 

cm clr 
m- 

cm a 
-- 

cm ua 
v- 

cm aa 
-- 

cm la 
m- 

on l.l 
m- 
AC h 

m- 
AC h 

m- 

Act h 

stand. 

stand. 

186 11/5 
-- 

18M 11/5 
-- 

19A 11/5 stand. 

stand. 198 ) 11/5 

stand. U/6 ~ 10.6 5-23 1 9.4 1 4-20 

4-13 1 11.1 ] 8-26 

50-74 1 1.6 1 l-2 

41-231 1 1.0 1 o-2 

2OA 1 11/5 
-I- 

stand. 11/6 ~ 6.9 208 1 11/5 
-l- 

stard. U/6 60.8 
-I- 

loo\ W6 96.9 2lM 1 11/5 

2lB 1 11/5 staui. U/6 mom - - - I I --m 
I I - - - 2lBA 1 11/5 1OOI 11/6 >1001 

11/6 >1001 staRi 

lOOI 

22A 11/s 
-- 

22u 11/s 

- - - 
--v 

- - - W mo% -Pm - - - l I --- 11/6 >1oot 22B 11/5 
-- 

228A 11/5 
-- 

23A w 

stand. 

1001 11/6 >lODl - - - I I 
Stand. 11/6 

-- 

Stand. ll/6 

25.2 

25.2 

24-27 4.0 4-4 
-Pm 

13-51 4.0 2-a 23AD 11/5 
-- 

238 w Stad 11/6 11.9 lo-14 8.4 7-10 
------ 

stand. 11/6 11.3 9-15 8.9 7-12 2380 I w 
-- 

24A 11/5 
-- 

24AA w 

stand. 1116 13.4 C-406 7.5 O-228 
------ 
stand, 11/6 8.0 3-19 12.4 5-29 

------ 
stand. 11/6 6.4 rk234 15.5 o-566 24B w 

-- 

24EA n/5 staxl. U/6 4.3 l-34 23.5 l-1118 
VP-- -- 
staul. 11/B 6.1 2-23 16.4 4-62 

25B 1 w Stard. 11/t 6.8 6-t 14.6 12-M 
p---w- 

SW. 11/s >looI - - - 
-- --pm 
!md. 11/t >1001 - - - 

~-~~~~ 
std. n/a >1001 - - - 

-I- 

27A 1 11/r 



E50 951 Toxic. 951 
Yalue CL units C.I. 

-Bw 
6.6 6-8 14.6 12-18 

---- 

)lW - - - 
P-P- 

>lOO? - - - 
-v-- 

>lWI - - - 
VW-- 

>lOOI - - - 
I_--- 

>1OOt - - - 
--_I_- 

,100; - - - 
p-w- 
>1wr - - - 
WY-- 

,1001 - - - 
pm-- 

>1001 - - - 
---- 

,loDI - - - 
---- 

,1wt - - - 
ve-- 

>1001 - - - 

Slope 

0.13 

aments 

Light level ’ v/colE. 

Li#t level * u/arc. 

Liqht lwel I vpm. 

I@t level * v/cone. 

Li#t level * v/wlz. 

Li#lt level * u/cone. 

Li#t 1we.l* v/ax& 

Liqlit level A v/am. 

Ii* level * v/am. 

Liqht level * v/am 

Ii@ level * u/amc. 

LiqtIt. level * v/wnc. 

Date 
Run 

11/e 

11/a 

11/s 

1118 

11/a 

U/8 

11/e 

11/a 

11/a 

11/a 

11/8 

n/e 

wa 

Sanple 

ll stalxl. 

statd 26A h 

m stand. 26B 

27A 

278 

20A 

21 shad. 

m aand. 

1.b stand. 

1.51 

la 

II stand. 29B 

lm stand. 

aand. 30B 

3lA 

311 

Sqle 
liunt!er 

‘itark 

h $ibnd. 

sImN am Fum smm !mIB (SD) 11-20-90 ASSAY siMlw TABLE 

Slope (xmeats 
I 

Me 
Run 

EC50 
Wae 

- 
3.2 

951 
C.I. 

99 
c.1, 

TOXiC. 

uaits 
- 

31.7 

40.8 

water Assay 

wm 

32A U-20 CdFG un stand. 11-21 
--- 

uu stand. 11-21 

1-16 

2.4 2-3 

6-164 0.61 

31-54 0.74 (Alt) St. assay u/16t 32.u 11-20 CdPG 

32B 14.0 11-17 7.1 6-9 stand. 11-21 
-- 

Stand. 11-21 
-- 

stand. ll-21 

tm 

CdR 

0.98 

1.08 

0.51 

(Dqlicatc assay) 17.8 16-20 5.6 5-6 

33A 1.7 O-10 57.5 IO-332 

4.2 3-5 23.7 19-30 0.72 
I -- 

338 11-20 ca uu stand. 11-21 
-- 

stand. 11-21 3.7 o-785 26.6 o-5619 0.42 34A ua 

3w U-20 2.3 l-7 42.7 14-m 0.74 (ut)SLassayv/l6\ ua stand. U-21 
,--- 

<Ir stand. 11-21 
:--- 

lu stad. 11-21 

ll.3 6-22 348 a.9 5-17 0.54 

0.67 

0.51 

14.3 lo-20 7.0 ~ S-10 35A 

35 ’ O&G lu 1 !md. 1 U-21 7.6 4-16 ~ 13.2 I 6-29 



SC3 ASSAY SWARY TABLE COIITMW) 

Sample Date Bottm water Assay oate cc50 951 lbxic. 95t SlOpe cments 
Nllaber cdl. Type Depth Type Run Value CL hits C.I. 

-------s=- 

3bA 11-20 aCW h std. u-21 18.5 15-23 5.4 4-7 0.81 
-__I--------- 

36AJ 11-20 aCDF la mid. 11-21 22.5 17-29 4.4 3-6 1.06 (Duplicate assay) 
------w-v-- 

368 11-20 aCDl lm smi. 11-21 0.7 o-100 151.0 l-22881 0.47 
-p-----w--- 

36BA 11-20 amp Ir stand. 11-21 1.1 l-2 92.6 47-183 0.71 (AR) St. wyv/lbt 
P---P--N---- 

37A 11-20 wq ll stalxl. 11-21 >1001 - - - - Liqht lml * u/Dmc. 
--p--m ---w 

37M 11-20 mfq h 1WI 11-21 z- - - - - (AR) ’ ’ ’ ’ 
-w-----v--- 

378 11-20 mfq h stafd. 11-21 NODI - - - - Li#t level * v/am. 
------m-m-- 

37BA 11-20 CDfq h 1001 11-21 mot - - - - (AR) ’ ’ ’ ’ 
--p-----t--- 

38A 11-20 am h Std. 11-21 0.7 O-546 135.5 0-100121 0.31 
-----m ---- 

38M 11-20 am lu stand. 11-21 2.3 2-3 43.5 30-62 0.62 (AR) St. assay v/16\ 
p--p---- -v- 

388 11-20 am la stand. 11-21 7.6 4-16 l3.2 6-27 0.69 
P-P-- ------ 

39A 11-20 mFq ll stard. 11-21 0.2 O-614 406.2 O-101289 0.23 
P--Y -v--p-- 

39M 11-20 aPq h stad. 11-21 2.0 l-6 50.1 N-l39 0.52 (AN) St. assay u/l64 
--- v-----p- 

398 U-20 mps la staad. 11-21 5.4 4-B 14.4 13-26 0.60 
P--P ------- 

4OA 11-20 acDg h star& 11-21 >I001 - l - - - Li#t level * u~corc 
---- ------- 

403 U-20 ac@ h staad. 11-21 >lOO\ - - - - Li#lt he1 A u/cm. 
-v-----p --P 

4lA 11-20 ac0 31 stad. 11-21 25.1 1543 4.0 2-7 1.60 
-- ---- -v--- 

418 11-20 am ln stud. 11-21 43.5 19-97 2.3 l-5 1.29 
--- -p--p--- 

42A 11-20 all) la stad. 11-21 62.0 5-744 1.6 o-19 1.41 
-- -p-p---- 

42AA 11-M -z- lJ 1001 11-21 >lOOI - - - 0.91 (Ax.) 1001 &say 
----- v----- 

42AAJ 11-20 a(l) Ir 1001 11-21 HO01 - - - 1.10 (Dopli~ WI 
-- --------- 

4tB 11-20 em la stard. 11-21 62.0 46-04 1.6 1-2 1.09 
--- ---- ---- 

43A 11-20 aalfq b stand. 11-21 6.3 .5-8 15.8 13-19 0.89 
-- --v--- -- 

43B 11-20 nnq Ir !xad. 11-21 >1001 - - - 0.90 
I_-- ------ -- 

43BA u-20 aarfq h 1001 u-21 >lOO\ - - - - (AIt.) 1001 Asay 



slml! am TaIlul ilAm SoRm (sac] H-25-91 ASSAY SomaRY TABLE 

Sample Date fine Raa 7”’ Salin. Condu. 951 
1;) (ppt) (as/ll) Ee CL 

Slope cuuaenb 
mber cQl/rlul 

-----B--P -P-B- 

1 N/25/91 ll:45 0.h 19.0 8.0 1.8 2800 >lOO\ - - 
P-e--_I_----- 

2 10/25/91 12:oo osn 20.0 9.5 1.8 2700 >1001 - - 
~~~~~_L---- 

3 10/25/91 12:lO 0.75 20.0 8.9 2.0 2900 a001 - 0.79 
~~~~~--~~~- 

4 10/25/91 12:20 0.5a 20.0 9.0 4.5 llw >loQI - 0.64 
------_I_---- 

5 10/25/91 2:45 1.h LO 10.0 0.0 550 >lWI - - 
~~~~~~-~-~- 

6 10/25/91 12:30 Q1.25n 21.0 10.5 0.2 650 >lOM - - 
--------_I-- 

7 10/25/91 12:37 0.9 21.0 12.4 0.0 420 >1001 - - 
~~~~~_I_-~~~- 

8 10/25/91 12:45 0.258 20.0 7.0 0.5 460 Bloat - - 
-m-------7- 

9 10/u/91 l:oo 1.b 20.0 12.4 0.0 140 >lW1 - - 
~~~~~~-~~-- 

1OA 10/25/91 1:40 surface 19.0 1.8 0.0 59 >lOO! - 0.28 
~~~~~~-~~~- 

108 10/25/91 MO 3.01 19.0 8.6 0.0 60 >lWl - 0.71 
--~~~~--~~- 

ll 10/25/91 2:oo 0.51 24.0 14.0 0.2 220 >loo1 - - 
--e--v----- 

12A 10/25/91 2:05 sake 22.0 5.2 0.0 25(3 >lW? - - 
-~-~~~-__I-~- 

128 10/25/91 2:05 2.01 11.0 0.6 0.0 260 >10Pt - - 
-~~~~~~-~-~ 

1311 10/25/91 2:30 &are 22.0 7.6 0.0 220 >lOQ\ - - 
-~~~~~--~-~ 

13B lOf25/91 2:30 1.01 21.0 0.7 0.0 100 mO1 - - 
-~~~~~-~~-- 

14A 10/25/x 2:20 surface 20.0 11.3 0.0 200 >lOti - - 
-7--e------ 

149 10/25/91 2:20 3.01 16.0 0.8 0.0 UO mot - - 
--P-v-----P 

15 10/25/91 3:15 0.2!5l 14.5 - 0.0 19 >1001 - 0.77 
P-Y-w--P--- 

16 10/25/91 4:05 1.0s 12.5 - 0.0 10.5 >1oot - 0.75 
-~~~~~~--~- 

17 10/25/91 3:15 0.9 20.0 11.0 3.0 4500 >1wt - - 
--~~~~~~~~- 

16 10/25/-N 3.25 0.h 20.0 10.8 3.0 46110 >lWI - 0.21 
~-~~~~--~-- 

19 10/25/91 3:4a 0.29 22.0 14.0 4.0 62W NW\ - - 
---p-p----- 

20 10/25/91 I:33 l.al 31.0 1.4 4.0 7wo >lW\ - 0.44 
---w--v---- 

21 10/25/91 4:w 0.m 22.0 11.4 4.a 7500 >lW\ - - 
---m------v 

22 10/25/91 4:lO 0.9 23.0 Il.8 4.0 6wo >1001 - - 
--~~~~~~~~- 

23 10/25/91 4:55 0.79 22.0 l2.0 3.5 5200 m1 - - 



. 

Sanple Date Tine Natat z. dO2 Sa$ C&n. Et50 95% Slope cmleats 
lbmkr col/nm Value C.1, 

-_I --s-----v-- 

24 10/25/91 5:30 0.5r 23.0 14.6 6.0 9500 >1001 - - 
p------s---- 

25 10/a/91 5:15 0.5m 21.0 5.# 3.5 5500 78.021 14-426 1.98 
~-P-------P- 

26 10/25/91 5:40 1.01 21.0 11.2 6.3 low0 >1oor - - 
~~---~-~-~~ 

27 n/7/91 10:43 1.b a5 l3.2 7.5 loow >1w: - - 
-v-----v--- 

28 u/7/91 10:45 1.01 12.5 14.0 8.0 low >lWI - - 
--------w-w 

29 n/7/91 11.02 1.h 12.5 14.0 8.0 losoo >lW\ - - 
~~-~~~~-~-~ 

30 ll/7/91 11:12 1.01 13.0 14.0 8.0 10500 >1001 - - 
~~---~~~-~~ 

31 n/7/91 11:28 lh LO 13.5 8.0 10500 >100t - - 
------v--w- 

32 llpp1 ll.35 1.09 14.0 9.0 a.25 11000 >lOOI - - 
---~~~~~~~- 

33 11/7/91 a40 l.Om 15.0 8.8 7.0 11000 >1001 - - 
-----v----v 

34 ll/7/91 11:47 l.om l3.0 no 7.5 1oooo >1oot - - 
----- -w---v 

35A 11/l/91 12:oo surface 13.0 II.1 5.5 7000 >lOM - - 
---- -v-v--- 

35B ll/7/91 lo:50 2.51 xi.0 9.3 5.5 7500 >1001 - - 
-~~-~~~~~~~ 

36 11/7/91 3:50 1.01 12.5 - 0.0 16.5 x1001 - - 
---- -p----m 

37A ll/7/91 12~47 surface 14.0 8.8 5.0 7wo mt - - 
---w ---p-p- 

358 11pj91 12:47 2.01 13.0 LO 6.0 8000 mo\ - - . 
---w-p ---_I_- 

38 ll/7/91 1:39 0.51 14.5 12.5 6.0 aooo HO01 - - 
---- ---p--v 

39A 11/7/91 1:45 surfate 14.0 - 5.5 7504 NOO\ - - 
---- ---p--v 

398 ll/7/91 1:45 2.01 13.0 - 6.0 7100 >100t - - 
---- ----7-- 

40 ll/7/91 2:oo 1.h 14.0 - 5.0 7wO >1001 - - 
-P-P- -----v 

4lA ll/7/91 2:05 surfa 14.0 - 3.25 4500 NO01 - - 
---- -----pm 

4lB 2l/7/91 2:05 3.01 14.0 - 3.25 4500 >1001 - - 
-----~~~~~~ 

..42 llpp1 3:35 1.01 12.0 - 0.0 5 >I001 - 0.12 



Appendix C-3 
Porewater bioassay results for Microtox and lettuce seed germination 

and root elongation studies, Slocum Creek project, June 1992. 



Appendix C-3. Pore water bioassay results for Microtox arid lettuce seed germination 
and root elongation studies, Slocum Creek project, June, 1992. 

Garmlnat&n as Root &ngth as 
sit. Data Colkctod Dmto Amlyzod Smllnlty EC50 a % Control ‘% Control 

SC1 

SC2 

613192 614192 

613192 6/4/92 

-. SC3 

SC4 

6/3/92 614192 

613192 613192 

6.5 

6.12 

5.2 

4.2 

SC4" 613192 6122192 

SC5 

SC6 

613192 613192 

613192 613192 

SC7 613192 6/3/ 92 

SC8 613192 613192 

7 

5.5 

5 

5.8 

SC 6" 613192 6122192 

SC9 6/3f92 613f92 

SC10 6/3/92 613192 

SC11 613192 613192 

2.8 

0.5 

3.9 

SC 11 l - 613192 6122192 

SC12 613192 614192 1 

SC12 l * 613192 6/22/92 

SC13 613192 613192 1 

SC13" 6/3/92 6122192 

SC14 6l3f92 613192 

SC15 615192 6/5/92 

SC16 615192 615192 

0.05 

0.5 

0.5 

SC16" 615192 6122192 

SC17 613192 614192 7.2 

>lOO 
>lOO 
10.1 
10.5 
24.3 
25.4 
0.48 
0.73 
0.8 

0.01 
+lOO 
,100 
*loo 
,100 
,100 
>l 00 

9.7 
9.9 

27.2 
15.4 
14.4 
14 

66.6 
63.7 
55.3 
54.6 
,100 
,100 
91.7 
95.4 
,100 
,100 
58.2 
76.4 
,100 
,100 
58.9 
61.6 
30.5 
42.1 
,100 
.lOO 
,100 
,100 

31 
38.3 

8.9-l 1.3 
9.6-l 1.5 

20.3-29.2 
22.0-29.4 

.l l-2.1 
.03-16.7 
.25-2.6 

-005..31 

7.9-l 1.8 
7.9-12.3 

24.8-29.7 
14.3-l 6.6 
10.3-l 9.9 
9.6-20.4 

61.5-72.0 
53.9-75.3 
44.9-68.1 
41.6-71.6 

75.6-l 11.3 
76.2-l 19.3 

36.0-89.2 
65.7-88.9 

52.9-65.3 
55.2-69.0 
27.8-33.5 
37.5-47.3 

29.3-32.8 
34.4-42.6 

96.7 

100 

93.3 

90 

100 70.4 

90 79.3 

96.7 75.3 

96.7 53.2 

90 59.6 

100 125.4 

90 116.2 

100 108.6 

100 

100 107.2 

100 147.4 

90 137.2 

06.7 55.9 

81.6 

68.6 

55.0 

46.4 

75.9 



Appendix C-3 cont’d. 

krmlnatlon l s Root Lmgth as 
site Data Colloctod Data Analyzed Sallnlty EC50 a x Control % Control 

HC 37 l * 

HC38 

HC 38 l * 

-. 

HC39 

HC 39" 

HC40 

HC 40 l * 

HC 42 

HC43 

HC43" 

Gel 

GC 1 l * 

cx2 

GC2" 

GC3 

GC3" 

Gc4 

GC4” 

Gcs 

GC5” 

GC6 

GC7 
. 

GCB 

6J4Js2 

614192 

6/4Js2 

614192 

6/4/92 

6/4/92 

6J4/92 

6/S/92 

6J4lS2 

6f4JS2 

6/l 1 IS2 

6/l 1 IS2 

6/l 1 JS2 

6111192 

6/l 1 IS2 

6Jll J92 

6/l 1 Js2 

6JllfS2 

6/l 1192 

6/l 1 IS2 

61llJS2 

6Jll f92 

6/l l/92 

6/22/92 

6J4JS2 

6l22Js2 

614192 

6122JS2 

6/4192 

6/22/92 

615/92 

6/4/92 

6122192 

6112192 

6/22/92 

6/l 2192 

6J22192 

6/l 2JS2 

6J22Js2 

6/l 2192 

6/22Js2 

6ll2JS2 

6/22/92 

6/l 2192 

6/l 2192 

6Jl2192 

3 

6 

6.5 

6.5 

0 

5 

2.5 

2 

0.5 

0.5 

0 

0 

0.5 

10.5 

,100 
>I 00 
6.4 
1.7 

16.6 
0.39 
22.9 
23.6 
37.6 
35.3 
5.5 
6.5 

22.9 
17.6 
72.6 
91.7 
10.5 
9.7 
10.2 
5.9 
7.4 
6.6 

22.7 
23.6 
10.2 
11.3 
14.4 

11.3 
4.5 
4.3 

20.1 
12.5 
3.5 
4.6 
3.2 
0.14 
1.2 
2.6 
59.8 
45.3 
7.9 
6.7 

23.7 
26.5 
,100 
>lOO 

3.2-12.7 
.075-3.6 
14.6-24.2 

.05-3.1 
19-l-27.7 
16.9-29.4 
32.4-44.6 
31.3-39.9 

3.6-6.5 
5.7-12.6 
16.3-32.2 
13.4-23.2 
60.7-66.8 

60.6-136.3 
7.9-13.9 
7.9-12.0 
5.4-19.3 
2.4-14.7 
5.6-9.3 

6.6-11.9 
16.1-26.4 
20.6-26.9 
8.6-12.1 
10.2-12.6 

. 10.1-20s 
6.9-18.4 
2.2-8.1 
2.3-8.1 

13.7-29.4 
7.1-22.2 
1.9-6.2 
2.4-9.7 
1.6-5.7 
.03--56 

0.45-3.3 
1.5-4.6 

47.0-76.1 
35.3-56.1 
4.3-14.3 
5.5-13.8 

21.0-28.7 
25.4-31.9 

100 73.4 

100 53.6 

96.7 57.3 

96.7 149.1 

66.7 47.0 

56.7 15.7 

SO 34.5 

SO 40.4 

86.7 51.5 

SO 41.6 

100 

93.3 

83.1 

59.4 



Appendix C-3 cont’d. 

She Date Coilacted Data Analyzed S4lnlty EC50 a Germlnatlon l s Root Length as 
K Control % control 

Gc9 6/l 1 t92 617 2192 7 0.5 72.6 9.2-77.5 
11.6 6.6-l 9.7 

GClO 617 1192 6/ 12192 71.5 ,100 
WlOO 

l * Samples selected ior plant growth study, original pore water samples were 
w-run at the time the plant growth study was set up. 

-. 



Appendix C-4 
Growth and biomass measurements of sago pondweed grown in 

sediments collected from Slocum (SC), Hancock (HC) and Goose 
(GC) Creeks, North Carolina, June 1992. 



I 

*Mix-. G~wtfrurdbiomabsme~urementsdugopondweedgrownlnredime~ 

dkted from Skum (SC), Hancob (HC), pnd GOOW (GC) Croekr, North cerdi~, June. 1992 

Inl&lFnsh FindFred FnsrhWt %Chm~e FmhW?. Numberofbq~estLeaf 
Treatment in m Wetght (a) Welaht (01 ~%cOftk~I Fresh Wt. a%- clhbomes Lonathbm) Dw Wt. to) 

.- 
Hue 
HC3Q 
HC3Q 
HC30 
HC3Q 
HC39 
HUQ 
HC3Q 
SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
SC4 
SC4 
sa 
sa 
SC4 
SC4 
SC4 
su 

SC11 
SC11 
SC11 
SC11 
SC11 
SC11 
SC11 
SC11 

1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
1 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 
2 21 

0.34 
0.21 
0.16 
0.39 
0.2 

0.26 
0.21 
0.24 
0.60 
0.22 
0.31 
0.18 
0.35 
0.14 
0.32 
0.16 
0.3 

0.16 
0.22 
0.11 
0.1 

0.12 
0.21 
0.14 
0.7 
0.2 

0.17 
0.18 
0.22 
0.22 
0.3 
0.3 

0.18 
0.25 
0.5 
0.2 

0.25 
0.3 
0.3 

0.36 
0.26 
0.29 
0.19 
0.2 

0.33 
0.18 
0.16 
0.3 

0.17 
0.13 
0.24 
0.11 
0.44 
0.22 

4.69 140.1 1279.4 74.4 6 co.3 0.578 
3.63 108.4 1626.6 84.7 12 42 0.48 
4.35 129.9 2616.0 152.2 11 46.4 0.480 
4.52 135.0 1059.0 61.6 8 41.2 0.552 
3.51 lM.8 1655.0 96.2 6 65 0.375 
4.66 139.2 1692.3 96.4 13 41.5 0.553 
3.54 105.7 1565.7 92.2 13 46.2 0.411 
0.7 20.8 181.7 11.1 6 44.6 0.067 

4.07 146.4 620.3 36.1 13 52.5 0.793 
2.66 76.4 lO63.6 61.6 0 39.1 0.369 
3.16 OS.0 825.6 53.1 Q 43.2 0.34 
2.85 65.1 1483.3 66.2 7 56 0.384 
3.96 118.8 1037.1 60.3 1s so.4 0.549 
1.67 49.9 I 092.9 63.5 11 42.1 0.162 
3.32 99.1 037.6 64.5 10 37 0.444 
3.67 109.6 2ie3.b 127.5 11 59.5 0.478 
6.41 101.4 2036.7 116.4 Q 62.2 0.616 
7.24 216.2 4425.0 257.2 14 62.6 0.813 
5.87 175.3 2568.2 149.3 12 63.5 OSQl 
6.32 168.9 4736.4 275.3 -0 s4.3 0.516 
5.42 161.9 5320.0 3009.2 6 66.2 0.493 
5.34 1 se.5 4350.0 252.9 10 64.9 0.426 
4.62 143.9 2195.2 127.6 8 49.2 0.457 
4.33 129.3 2992.9 774.0 11 54 0.369 
4.05 120.9 476.6 27.6 Q 43 0.565 
1.71 51 .l 755.0 u.0 6 47.2 0.207 
1.92 57.3 1020.4 59.6 6 46 0.237 
2.7 60.6 1400.0 61.4 6 45.2 0.397 

3.04 90.8 1261.8 74.5 11 u.1 0.4Ql 
3.18 95.0 1345.6 76.2 12 50.6 0.409 
2.69 80.3 tQ6.7 46.3 10 38.6 0.379 
2.41 72.0 703-3 40.0 6 51.1 0.274 
1.52 41.9 744.4 82.5 Q 43 0.175 
1.18 32.5 372.0 41.2 5 27 0.116 
2.08 82.1 496.0 55.0 13 42 0.4 
1.95 53.7 875.0 e&Q Q 30 0.183 
1.61 44.4 s44.0 60.3 8 32 0.151 
2.08 57.3 593.3 65.7 Q 35 0.246 
1.96 54.0 553.3 61.3 6 25.6 0.242 
2.41 66.4 669.4 63.1 7 38.5 0.334 
1.72 47.4 S61.5 62.2 Q 28.6 0.231 
1.62 44.6 466.6 SO.6 5 36.5 0.151 
2.02 55.7 863.2 106.7 6 44.9 0.222 
1.94 53.5 670.0 96.4 Q 32.6 0.238 
2.51 69.2 660.6 73.2 6 27.1 0.276 
0.55 23.4 347.4 38.6 3 31 0.065 
1.28 35.3 700.0 77.6 7 30 0.124 
2.25 62.0 650.0 72.0 6 35.5 0.274 
1.68 43.5 629.4 01 .e 6 29.5 0.168 
0.69 19.0 430.6 47.7 3 33.6 0.059 
1.27 35.0 429.2 47.6 6 35.1 0.167 
0.41 11.3 272.7 Jo.2 2 26 0.038 
2.47 68.1 461.4 51.1 6 36.4 0.294 
1.71 47.1 677.3 75.0 10 41.6 0.21 



Appendix C4 cont’d. 

lni&lFrrh FhalFnrh FmshWt. %Chuqe FmshWt NurnkrofLmo-tbaf 
Treatment FM Days Weight (p) Weight (p) as % ComoI Fresh Wt e K Conti Rhizmm Lenpm(cm) Dry W rpl 

HC38 
HC38 
w 
W 
w 
W 
W 
w 
w 
w 

alNTFci 

SC18 
SC19 
SC10 
SC10 
SC10 
SclQ 
SclQ 
SC19 
HC37 
HC.37 
HC37 
HC37 
HC37 
HC37 
HQ7 
HC37 
SC6 
SC6 
su 
SC6 
SC6 
su 
SQI 
sea 
cc4 
cc( 
w 
a2 
m4 
ax 

2 21 0.18 1.62 44.6 800.0 66.6 6 43 0.156 

2 21 0.28 1.36 38.0 302.8 43.5 7 36 0.141 

2 21 0.24 1.06 29.2 341.7 37.9 5 23.5 0.11 

2 21 0.25 1.25 34.4 400.0 44.3 6 33.2 0.156 
2 21 0.13 1 .s4 42.4 1084.8 120.2 6 39 0.162 

2 21 0.16 1.28 34.7 687.5 76.2 Q 31.5 0.173 

2 21 0.23 1.67 46.0 626.1 69.4 6 40.6 0.246 

2 21 0.15 0.63 22.9 453.3 so.2 4 45.5 0.11 

2 21 0.12 0.73 20.1 506.3 S6.3 6 35.2 0.099 

2 21 0.27 1.64 45.2 507.4 56.2 a 35.4 0.255 
2 21 0.5 6.66 183.6 1232.0 136.5 1s 46 0.563 

2 21 0.42 3.5 06.5 733.3 81.3 12 41.7 0.321 
2 21 0.55 5.41 149.1 663.6 97.9 14 46.0 0.671 

2 21 0.29 3.78 104.2 1203.4 133.3 10 51.4 0.431 

2 21 0.2 2.17 59.8 985.0 109.1 11 42.9 0.172 

2 21 0.42 4.54 125.1 961 .o 106.7 12 46 0.449 

2 21 0.51 4.55 125.4 792.2 07.6 13 44 0.573 
2 21 0.21 2.66 70.5 1119.0 124.0 Q 44.5 0.231 
3 21 0.26 3.21 126.0 1134.6 155.3 Q 36.5 0.434 
3 21 0.39 2.66 105.2 567.2 80.4 7 45.5 0.327 
3 21 0.2 1.0 74.0 660.0 176.3 7 41 0.161 
3 21 0.31 2.33 91 .s 651.6 89.2 10 64 0.323 
3 21 0.44 3.9 153.1 766.4 107.6 12 34 0.402 
3 21 0.32 1.91 75.0 496.9 68.0 10 20.6 0.194 
3 21 0.41 1.64 64.4 300.0 41.1 3 36.2 0.127 
3 21 0.35 2.23 67.6 537.1 73.5 6 30.2 0.229 
3 21 0.29 2.17 65.2 646.3 08.7 0 41 0.23 
3 21 0.45 4.21 165.3 835.6 714.4 Q 34 0.394 
3 21 0.26 2.24 85.0 761.6 104.2 6 41 0.212 
3 21 0.28 1.19 46.7 325.0 44.5 7 33 0.008 
3 21 0.13 2.23 67.6 1615.4 221.1 7 62 0.229 
3 21 0.3 2.49 97.8 730.0 99.8 S 57 0.252 
3 21 0.16 1.43 56.1 703.6 108.6 6 41 0.152 
3 21 0.42 2.34 91.9 457.1 62.6 10 32 0.268 
3 21 0.28 1.84 72.2 557.1 78.3 7 49.5 0.272 
3 21 0.32 1.01 75.0 496.9 68.0 8 31.5 0.222 
3 21 0.28 1.54 60.5 450.0 61.6 6 41 0.21 
3 21 0.34 1.48 56.1 336.3 45.9 6 25.7 0.204 
3 21 0.32 1.62 63.6 406.3 55.6 6 30.5 0.241 
3 21 0.41 2.16 64.6 426.8 58.4 6 43.5 0.249 
3 21 0.57 2.76 109.2 387.7 53.1 10 32 0.389 
3 21 0.35 1.69 74.2 440.0 60.2 6 37 0.266 
3 21 O.Sl 2.73 107.2 435.3 SO.6 10 53 0.297 
3 21 0.56 5.44 213.6 871.4 118.3 Q 76.5 0.566 
3 21 0.14 1.11 43.6 692.8 94.6 6 41.5 0.133 
3 21 0.33 1.64 64.4 397.0 S4.3 5 40.7 0.152 
3 21 0.29 3.71 145.7 1179.3 161.4 6 so 0.4w 
3 21 0.27 1.86 77.0 625.9 65.7 7 43.5 0.271 
3 21 0.14 1.70 70.3 1178.6 161.3 0 40.5 0.207 
3 21 0.4 4.06 169.4 915.0 125.2 10 59.5 0.429 
3 21 0.53 1.61 71.1 241.5 33.1 7 41 0.25s 
3 21 0.43 1.66 73.0 332.6 45.5 5 36 0.243 
3 21 0.25 1.25 40.1 400.0 64.7 7 29.7 0.179 
3 21 0.14 0.63 32.6 492.9 67.6 5 22.7 0.113 
3 21 0.14 0.86 34.6 526.6 72.3 4 30 0.111 
3 21 0.41 1.93 75.8 370.7 So.7 7 39 0.2SS 



Appendix C4 conrd. 

WtWFmch FIndFresh FmshWt. %Chan~o Flsrhwt NumbefofLonQastLoef 
Treatment R.m Days Welpht @) Wetpht (p) asUConuol Fish Wt asYCan8oI Rhkomes Lenpth(tm) DRY Wt. (& 

w 
Gu 

cc2 
w 
w 
w 
a2 
w 
a2 
w 
SC16 
!%ClS 
SC16 
SC16 
SC16 
SC16 
SC16 
SC16 
Hue 
HUO 
HUO 
Hue 
HUO 
HC40 
HUO 
HUO 
HC43 
Hu3 
HC43 
HU3 
HU3 
HU3 
HU3 
HU3 

3 21 0.62 2.46 96.6 286.8 40.6 
3 21 0.27 0.64 25.1 137.0 18.8 
4 21 0.32 4.00 158.3 1175.0 117.0 
4 21 0.21 2.17 64.2 933.3 et.0 
4 21 0.21 3 118.4 1328.6 132.3 
4 21 0.38 4.44 172.2 1068.4 106.4 
4 21 0.24 3.95 lS3.2 1545.6 153.9 
4 21 0.15 2.04 79.1 1260.0 125.5 
4 21 0.24 3.12 121.0 1200.0 110.5 
4 21 0.31 1.72 66.7 454.8 45.3 
4 21 0.26 1.06 41.1 27e.0 27.7 
4 21 0.2 1.65 64.0 725.0 72.2 
4 21 0.17 0.03 36.1 u7.1 44.6 
4 21 0.26 1.69 65.6 503.6 so.1 
4 21 0.15 0.98 38.0 553.3 65.1 
4 21 0.28 0.63 24.4 125.0 12.4 
4 21 0.25 1.95 76.6 660.0 67.7 
4 21 0.14 0.47 18.2 235.7 23.5 
4 21 0.16 1.43 55.6 793.8 TO.0 
4 21 0.16 0.66 33.4 437.5 43.6 
4 21 0.13 1.01 39.2 676.0 67.4 
4 21 0.15 1.27 49.3 740.7 74.3 
4 21 0.34 1.67 60.0 361.6 36.0 
4 21 0.21 1.20 49.6 soQ.5 so.7 
4 21 0.35 2.77 107.4 601.4 66.8 
4 21 0.12 0.03 36.1 675.0 67.2 
4 21 0.3 2.33 00.4 676.7 67.4 
4 21 0.32 1.62 62.6 406.3 40.5 
4 21 0.26 1.74 67.6 560.2 S6.7 
4 21 0.23 1.2 46.5 421.7 42.0 
4 21 0.21 0.47 18.2 123.8 12.3 
4 21 0.33 2.17 84.2 557.6 55.5 
4 21 0.3 2.4 93.1 700.0 69.7 
4 21 0.25 1.5 58.2 500.0 49.8 
4 21 0.35 2.88 115.6 751.4 74.8 
4 21 0.17 0.43 16.7 152.9 15.2 
4 21 0.28 0.63 24.4 125.0 12.4 
4 21 0.26 2.06 79.9 682.3 68.8 
4 21 0.16 0.61 23.7 306.7 30.6 
4 21 0.31 0.64 32.6 171.0 17.0 
4 21 0.35 0.44 17.1 25.7 2.6 
4 21 0.20 1.24 46.1 342.9 34.1 
5 21 0.2s 1.68 119.5 572.0 132.1 
5 21 0.10 0.64 45.5 236.8 S4.7 
6 21 0.23 0.57 40.6 147.6 34.1 
5 21 0.10 0.42 2Q.Q 121.1 27.0 
5 21 0.15 0.33 23.5 120.0 27.7 
5 21 0.2 2.4 170.7 1100.0 254.0 
5 21 0.32 4.62 326.7 1343.6 310.3 
s 21 0.2 1.550 113.1 695.0 160.5 
5 21 0.4 1.74 123.8 335.0 77.3 
5 21 0.34 0.67 47.7 97.1 22.4 
5 21 0.3 0.57 40.6 00.0 20.6 
5 21 0.32 1.03 73.3 221.9 51.2 
5 21 0.48 1.0 135.2 205.6 68.3 

7 36 0.303 
3 31 0.0573 

10 47.2 0.376 
6 56.2 0.223 
8 53.6 0.390 

10 4s 0.549 
0 S4.2 0.446 
6 59 0.217 
0 52 0.328 
5 38.5 0.137 
5 30 0.093 
6 36.5 0.199 
4 38.5 0.085 
0 2s 0.107 
6 31 0.1 
2 30 0.014 
4 44 0.222 
2 29.3 0.04 
0 20 0.199 
3 26.6 0.11 
7 19.5 0.163 
6 34.5 0.16 
6 31.5 0.216 
6 36.3 0.131 
7 41.5 0.393 
4 23 0.109 
0 37 0.326 
4 40 0.166 
4 32.2 0.231 
3 31.8 0.115 
1 32 0.042 
a 29.5 0.224 
7 44 0.291 
6 31.5 0.147 
6 33.6 0.353 
3 24.2 0.043 
3 26.5 0.064 
0 35 0.264 
6 18 0.056 
6 29 0.116 
4 19.1 0.053 
7 29 0.119 
5 43 0.16 
3 20 0.06 
2 24.2 0.06 
1 20.5 0.05 
2 16.5 0.03 
7 42 0.27 

13 36.5 0.49 
7 38.6 0.17 
4 34 0.16 
1 26.3 0.06 
3 21.3 0.05 
4 32.6 0.1 
7 30.5 0.22 



Appendix C-4 cont’d. 

InlcklFrerh FmafFmsh FmhWt. %Chwp Froshik Numbaroflongatbaf 
Treatment Rm m Weight (8) Welpht {p) as% Co-1 Fresh Wt at% Cunti Rhtnwnes Lengthkm) Dwwt (& 

ml 
GCl 
Gel 
w 
w 
as 
Gcs 
w 
w 
a25 
m 

SC13 
SC13 
SC13 
SC13 
SC13 
SC13 
SC13 
SC13 

SC25 

SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
SC12 
H-9 
H-9 
HWQ 
HC39 
HQ9 
HC39 
HC39 
HC39 
su 
SC4 
su 
su 

S 21 0.53 2.04 145.1 284.9 65.8 6 
5 21 0.23 0.52 37.0 126.1 29.1 3 
5 21 0.4 1.41 100.3 252.5 58.3 4 
5 21 0.25 0.57 40.6 128.0 29.6 2 
5 21 0.16 0.0 64.0 462.5 106.6 6 
5 21 0.17 0.3 21.3 76.6 17.7 1 
5 21 0.35 1.24 88.2 254.3 68.7 7 
5 21 0.32 2.01 143.0 526.1 121.9 5 
5 21 0.18 0.41 29.2 115.8 26.7 2 
5 21 0.22 1.32 93.9 500.0 115.4 5 
5 21 0.33 0.77 54.8 133.3 30.8 4 
5 21 0.15 0.56 38.8 273.3 63.1 3 
5 21 0.17 0.38 25.6 iii.6 '25.8 3 
5 21 0.38 1.42 101.0 294.4 66.0 6 
5 21 0.36 1.47 104.6 308.3 71.2 7 
5 21 0.21 0.57 40.6 171.4 39.6 2 
5 21 0.29 1.43 101.7 393.1 90.6 7 
5 21 0.33 1.11 79.0 236.4 54.6 5 
5 21 0.43 1.85 136.7 363.6 61.6 6 
5 21 0.39 3.11 221.3 697.4 167.0 7 
5 21 0.28 0.66 47.0 163.8 36.6 2 
5 21 0.20 0.92 66.6 217.2 so.2 4 
5 21 0.2 0.46 32.7 130.0 30.0 2 
S 21 0.2 1.08 76.6 440.0 101.6 5 
5 21 0.43 1.25 68.9 190.7 44.0 5 
5 21 0.14 0.83 59.0 492.8 113.8 4 
5 21 0.3 2.48 176.0 720.0 166.2 8 
1 7 0.11 0.26 70.27 136.4 166.0 tld 
1 7 0.19 0.25 67.57 31.6 35.9 nd 
1 7 0.15 0.25 67.57 86.7 75.6 nd 
1 7 0.29 0.55 148.65 89.7 101.0 nd 
1 7 0.16 0.42 113.51 162.5 184.7 nd 
1 7 0.31 0.49 132.43 58.1 - 66.0 nd 
1 7 0.2 0.29 78.38 45.0 51.1 nd 
1 7 0.21 0.45 121.62 114.3 129.8 nd 
1 7 0.37 0.83 224.32 124.3 141.3 nd 
1 7 0.23 0.8 216.22 247.6 281.6 rd 
1 7 0.41 0.72 194.59 76.6 65.9 nd 
1 7 0.13 0.22 58.46 60.2 78.7 nd 
1 7 0.26 0.47 127.03 60.6 01.8 ml 
1 7 0.22 0.53 143.24 140.9 160.t nd 
1 7 0.18 0.42 113.51 133.3 151.5 nd 
1 7 0.15 0.31 63.76 106.7 121.2 rid 
1 7 0.17 0.63 170.27 270.6 307.5 nd 
1 7 0.3 0.56 148.66 63.3 94.7 nd 
1 7 0.2 0.71 191.89 255.0 289.6 nd 
1 7 0.15 0.56 151.35 273.3 310.6 nd 
1 7 0.21 0.33 60.19 67.1 64.9 d 
1 7 0.16 0.3 61.08 87.6 98.4 nd 
1 7 0.21 0.79 213.51 276.2 313.9 nd 
1 7 0.16 0.36 97.30 126.0 142.0 nd 
1 7 0.36 1.10 321.62 213.2 242.2 nd 
1 7 0.27 0.67 235.14 222.2 252.6 tld 
1 7 0.57 0.62 221.62 43.9 40.6 nd 
1 7 0.15 0.43 116.22 166.7 212.1 nd 

34 
28 

28.4 
29.4 
27 

19.2 
28.5 
36 

40.5 
40 

33.6 
27.6 
23 

34.5 
33.5 
28.5 
36.7 
26.8 
36 
38 
33 

30.5 
10.6 
37.6 
32 

30.1 
37 
nd 
nd 
lid 
rid 
nd 
nd 
nd 
nd 
nd 
rtd 
nd 
nd 
nd 
rid 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

0.2 
0.04 
0.15 
0.05 
0.1 

0.11 
0.03 
0.28 
0.04 
0.15 
0.07 
0.07 
0.04 
0.16 
0.17 
0.05 
0.18 
0.14 
0.22 
0.25 
0.06 
0.09 
0.04 
0.1 

0.11 
0.08 
0.23 

tld 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
d 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 



Appendix C-4 cont’d. 

tnf&l Fresh Find Ftesh Freth Wt. %Cfumge Fmsh 6~ Number OfLmqclrt bsf 
Treatment Rm by6 Welpht (g) Weight {Q) 86 96 corm01 Fresh Wt mi % bn@d Rhbnn8S Lengthbm) Dw Wt. (e) 

SC4 
SC4 
su 
su 

sell 
sell 
SC11 
SC11 

0. SC11 
SC11 
SC11 
SC11 

SC20 
HC38 
HC38 
HC36 
HC38 
HQB 
HC38 
HC3E 
HC38 
w 
w 
w 
w 
w 
w 
w 
W 

SC6 
SC8 
SC6 
SC6 
SOB 
SC6 
w 

-- su 
SC19 
SclQ 
SC19 

17 0.21 0.66 178.38 214.3 243.6 nd 
17 0.13 0.15 40.54 16.4 17.5 nd 
17 0.23 0.67 181.08 181.3 217.4 nd 
17 0.2 0.46 124.32 130.0 147.7 nd 
2 7 0.3 0.65 78.85 63.3 78.5 nd 
2 7 0.1 0.18 27.24 90.0 64.7 nd 
2 7 0.38 0.78 106.06 100.0 Q4.2 nd 
2 7 0.24 0.52 74.55 116.7 109.9 nd 
2 7 0.21 0.58 83.15 176.2 161.9 nd 
2 7 0.29 0.72 103.23 148.3 139.6 nd 
2 7 0.23 0.43 61.65 87.0 81 .a nd 
2 7 0.4 0.92 131.90 730.0 122.4 nd 
2 7 0.23 0.63 90.32 173.0 163.6 nd 
2 7 0.54 1.38 ie7.85 155.6 146.5 nd 
2 7 0.3 0.54 77.42 80.0 76.3 nd 
2 7 0.39 0.03 133.33 138.6 130.4 nd 
2 7 0.1 0.25 35.84 150.0 141.2 nd 
2 7 0.15 0.39 55.01 160.0 150.7 nd 
2 7 0.45 0.71 101.79 67.6 64.4 nd 
2 7 0.18 0.37 53.05 105.6 99.4 nd 
2 7 0.21 0.61 87.46 190.6 179.4 nd 
2 7 0.17 0.62 68.69 264.7 249.3 nd 
2 7 0.32 0.5 71.68 56.3 53-O nd 
2 7 0.36 0.0 120.03 150.0 141.2 nd 
2 7 0.27 0.39 55.91 44.4 41.6 nd 
2 7 0.14 0.31 41.44 121.4 114.3 nd 
2 7 0.15 0.25 35.64 66.7 62.6 Id 
2 7 0.29 0.68 94.62 127.6 120.1 nd 
2 7 0.16 0.4 57.35 122.2 115.1 nd 
2 7 0.14 0.21 30.11 50.0 47.1 nd 
2 7 0.62 1.14 163.44 83.9 70.0 nd 
2 7 0.11 0.18 25.81 63.6 se.9 nd 
2 7 0.4 0.72 103.23 80.0 75.3 nd 
2 7 0.17 0.31 44.44 82.4 77.5 nd 
2 7 0.2 0.33 47.31 65.0 61.2 nd 
2 7 0.39 0.76 108.96 94.8 69.3 nd 
2 7 0.38 0.63 119.w 116.4 111.5 nd 
2 7 0.37 0.81 116.13 118.0 112.0 lld 
2 7 0.34 0.66 94.62 04.1 68.6 nd 
2 7 0.35 0.84 120.43 140.0 131.8 nd 
2 7 0.4 0.98 14o.!io 145.0 136.5 Id 
2 7 0.32 0.58 63.15 61.3 76.6 Id 
2 7 0.22 0.39 55.91 77.3 72.6 nd 
2 7 0.28 0.49 70.25 75.0 70.6 nd 
3 7 0.45 0.67 65.49 48.9 39.2 IKl 
3 7 0.32 0.68 112.28 175.0 140.3 nd 
3 7 0.43 0.04 119.94 118.6 95.1 nd 
3 7 0.19 0.36 45.93 60.5 71.6 d 
3 7 0.18 0.37 47.21 105.6 64.6 nd 
3 7 0.31 0.5 63.60 61.3 49.2 nd 
3 7 0.16 0.4 551.04 122.2 96.0 nd 
3 7 0.22 0.33 42.11 50.0 40.1 Id 
3 7 0.64 0.66 1 i 2.26 37.5 30.1 nd 
3 7 0.39 0.73 83.14 67.2 69.9 rid 
3 7 0.24 0.4 51.04 66.7 53.6 Id 

nd 
nd 
rid 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
rid 
Id 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
ruf 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
I-Id 
nd 
rid 
rd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
d 
nd 
lid 

lid 
nd 
nd 
nd 
It4 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
ml 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
rd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
d 
nd 
nd 



Appendix C-4 conrd. 

lnltWFmsh Fin&Fresh FnrhWt. %Cm FreshW~ NumberofbnQdbaf 
Treatment Rn Days Weipht (fl) Welpht (fl) u%Conud Fresh Wt. mKCon8d Rhkome6 Length&m) [)rvwt b) 

SclQ 3 7 0.43 0.56 71.45 30.2 24.2 
SC10 3 7 0.3 0.36 45.83 20.0 16.0 
SC10 3 7 0.60 1.22 155.86 78.8 61.6 
SC19 3 7 0.31 0.32 40.83 3.2 2.6 
SC10 3 7 0.29 0.35 44.66 20.7 16.6 
Hc37 3 7 0.13 0.16 20.41 23.1 18.5 

HC37 3 7 0.4 0.63 80.38 67.5 46.1 
HW7 3 7 0.25 0.3 38.28 20.0 16.0 
UC37 3 7 0.3 0.71 90.69 136.7 100.6 
HC37 3 7 0.27 0.38 46.48 40.7 32.7 

Hc37 3 7 0.16 0.28 35.73 55.6 44.6 
HC37 3 7 0.44 0.53 67.62 20.5 16.4 
HC37 3 7 0.3 0.51 65.07 70.0 56.1 
Gu3 7 0.29 0.37 47.21 27.6 22.1 

cc43 7 0.63 1.05 133.97 66.7 53.5 
Gc43 7 0.29 0.43 54.86 48.3 38.7 
cc4 3 7 0.37 0.44 56.14 18.9 15.2 
a%3 7 0.3 0.55 70.18 83.3 66.8 
as3 7 0.44 0.66 84.21 so.0 40.1 
c;c(3 7 0.8 1.4 178.63 133.3 106.8 
cc43 7 0.53 0.76 96.97 43.4 34.8 

-3 7 0.34 0.01 116.11 167.6 134.4 
axllxL3 7 0.3 1.03 131.42 243.3 105.1 
-3 7 0.21 0.4 51.04 90.6 72.6 
-3 7 0.28 0.46 58.60 64.3 51 .a 
aMTRx.3 7 0.36 0.78 99.52 118.7 93.6 
-3 7 0.53 1.15 146.73 117.0 93.6 
cxxlRx3 7 0.22 0.39 49.76 77.3 62.0 
cDNiKx3 7 0.52 1.16 146.73 121.2 07.2 
-4 7 0.18 0.35 77.99 94.4 103.6 
-4 7 0.3 0.7 155.99 133.3 148.2 
wMRx4 7 0.25 0.42 93.59 68.0 74.6 
coNTFwx4 7 0.19 0.32 71.31 68.4 75.0 
-4 7 0.2S 0.63 140.39 125.0 137.1 
axGxL4 7 0.24 0.51 113.65 112.6 123.4 
cxwTRx4 7 0.18 0.28 62.40 55.6 60.9 
axTmL4 7 0.22 0.38 64.68 72.7 79.7 

ax4 7 0.14 0.36 60.22 167.1 172.3 
(3cz4 7 0.22 0.45 100.28 104.5 114.6 
tx24 7 0.34 0.74 164.90 117.6 129.0 
w 4 7 0.12 0.23 51.25 81.7 100.5 
a24 7 0.16 0.2 44.57 25.0 27.4 
GQ4 7 0.14 0.26 57.94 85.7 94.0 
a24 7 0.19 0.41 91.36 116.6 127.0 
Gc24 7 0.17 0.36 77.99 105.0 116.1 

SC16 4 7 0.25 0.49 109.19 06.0 105.3 
SC16 4 7 0.29 0.54 120.33 66.2 B4.5 
SCl6 4 7 0.26 0.36 84.68 35.7 39.2 
SC16 4 7 0.24 0.5 111.42 108.3 118.8 
SC16 4 7 0.37 0.58 129.25 56.8 62.2 
SC16 4 7 0.25 0.62 138.16 148.0 162.3 
SC16 4 7 0.21 0.44 88.05 109.5 120.1 
SC16 4 7 0.51 1.13 251.61 121.6 133.3 
HCXO 4 7 0.17 0.33 73.54 94.1 103.2 
HC40 4 7 0.35 0.84 209.47 169.6 184.8 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
d 
nd 
nd 
d 
nd 
d 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
d 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
rid 
nd 
nd 
nd 
ttd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
cd 
nd 
nd 
d 
nd 
nd 
nd 
lld 
nd 
d 
nd 
nd 
nd 
nd 
nd 

rid 
nd 
nd 
lid 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
fld 
nd 
nd 
nd 
nd 
nd 
nd 
rtd 
nd 
Id 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
luf 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
lid 
nd 
nd 
nd 
nd 



Appendix C4 cont’d. 

IdUal Fmch FM Fnch Fresh Wt. ‘Kchpnge Fmh Wt Numbw ofbnQ& i#af 
Treatment km m Weight @) Weight (PI a U Conboi Fti Wt m Y &m(rd Rhfnmea Length(cm) Dry Wt (pl 

HUO 0.65 144.05 60.6 68.3 nd nd 

HC4O 
HUO 
HUO 
HC40 
HCU) 
HU3 
HCX3 
HCU 

- HU3 
HC43 
HC43 
HC43 
HCU 

Gel 
al 
aa 
ml 
ax 
Ocl 
c;M 
Ocl 
as 
025 
w 
w 
w 
Gcs 
w 
ax 

SC13 
SC13 
SC13 
SC13 
SC13 
SC13 
SC13 
SC13 

4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
4 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 
5 7 

- 1 21 

0.38 
0.26 
0.29 
0.31 
0.23 
0.2 

0.18 
0.23 
0.25 
0.17 
0.43 
0.32 
0.21 
0.42 
0.4 

0.33 
0.23 
0.35 
0.17 
0.24 
0.25 
0.32 
0.35 
0.52 
0.2 

0.25 
0.45 
0.24 
0.23 
0.2 

0.21 
0.48 
0.31 
0.35 
0.32 
0.35 
0.34 
0.25 
0.38 
0.28 
0.33 
0.23 
0.21 
0.24 
0.16 
0.42 
0.21 
0.26 
0.42 
0.21 
0.25 
0.13 
0.48 
0.31 
0.11 

0.48 
0.44 
0.51 
0.67 
0.6 

0.18 
0.43 
0.41 
0.3 

0.01 
0.45 
0.4 

0.55 
0.65 
0.64 
0.38 
0.68 
0.26 
0.41 
0.39 
0.57 
0.62 
0.86 
0.28 
0.28 
0.55 
0.39 
0.33 
0.27 
0.35 
0.78 
0.38 
0.46 
0.36 
0.48 
0.56 
0.34 
0.61 
0.49 
0.62 
0.34 
0.38 
0.49 
0.17 
0.68 
0.29 
0.36 
0.68 
0.43 
0.46 
0.29 
0.74 
0.56 
2.44 

106.08 
98.05 

113.66 
127.02 
133.70 
42.34 
95.82 
01.36 
66.85 

202.79 
100.28 
89.14 

122.56 
130.00 
128.00 
76.00 

136.00 
56.00 
82.00 
78.00 

114.00 
124.00 
172.00 
56.00 
56.00 

110.00 
78.00 
66.00 
54.00 
70.00 

156.00 
78.00 
92.00 
72.00 
98.00 

112.00 
68.00 

122.00 
96.00 

124.00 
68.00 
78.00 
98.00 
34.00 

176.00 
58.00 
76.00 

136.00 
86.00 
96.00 
58.00 

146.00 
112.00 
72.66 

84.6 
51.7 
64.6 

147.8 
200.0 

6.6 
87.0 
64.0 
76.5 

111.6 
40.6 
90.5 
31 .o 
62.5 
93.9 
65.2 
94.3 
64.7 
70.6 
56.0 
76.1 
77.1 
65.4 
40.0 
12.0 
22.2 
62.5 
43.5 
35.0 
66.7 
62.5 
25.8 
31.4 
12.5 
37.1 
64.7 
36.0 
60.5 
75.0 
87.0 
47.8 
61 .O 

104.2 
6.3 

109.5 
38.1 
35.7 
61 .Q 

104.8 
02.0 

123.1 
54.2 
60.6 

21 la.2 

02.8 
56.7 
70.7 

162.1 
210.3 

6.1 
es.3 
70.2 
83.8 

122.4 
44.5 
ea.2 
33.9 
65.4 

126.3 
80.1 

128.8 
68.4 
06.6 
76.5 

106.7 
105.4 
60.3 
64.6 
16.4 
30.4 
85.4 
69.4 
47.6 
01.1 
85.4 
35.3 
42.9 
17.1 
so.7 
88.4 
49.2 
82.7 

102.5 
120.1 
65.3 

110.6 
142.3 

a.6 
149.6 
52.0 
48.8 
64.6 
143.1 
125.7 
166.1 
74.0 

110.2 
123.1 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
rid 
nd 
nd 
lad 
nd 
nd 
nd 
nd 
d 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
IId 
nd 
nd 
nd 
nd 
nd 
nd 
WI 
nd 
Id 
nd 
ml 
nd 
nd 
nd 
nd 
nd 
nd 
Id 
nd 
nd 
nd 
nd 
nd 
IId 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
lid 
rid 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
ltd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 



Appendix C-4 cont’d. 

InlUd Fruh Fha! Fnrh Frrh Wt. %Chnge Frash wt Numbf of&ngrt bat 
Treatment Rn Days Weight (g) Weight (g) 8s % Control Fresh WL m % Conti Rhtmmcls Lengmkm) Dry WL (571 

1 21 0.14 1.88 66.14 1242.9 72.2 nd 
1 21 0.15 2.40 73.46 1640.0 89.5 nd 
1 21 0.19 4.19 125.12 2105.3 122.4 nd 
1 21 0.23 4.2 125.42 1726.1 100.3 nd 
1 21 0.12 2.19 65.40 1725.0 100.3 fld 
1 21 0.13 3.29 96.25 2430.8 141.3 nd 
1 21 0.11 3.33 00.44 2927.3 170.2 nd 
1 21 0.39 3.79 113.16 871.6 so.7 nd 

1 21 0.18 3.57 106.61 1776.9 103.4 nd 
1 21 0.52 3.93 117.36 655.6 36.1 nd 
1 21 0.24 1.60 so.47 604.2 35.1 nd 
1 21 0.26 2.75 62.12 1000.0 66.1 nd 
1 21 0.14 2.75 62.12 1864.3 106.4 nd 
1 21 0.13 3 89.69 2207.7 128.3 nd 
1 21 0.49 4.94 147.62 908.2 62.6 nd 
1 21 0.14 3.38 100.93 2314.3 134.5 nd 
1 21 0.11 4.48 133.76 3072.7 230.9 nd 
1 21 0.24 6.62 197.68 2668.3 164.6 nd 
1 21 0.17 4.61 137.66 2611.8 161.6 nd 
1 21 0.13 3.66 108.68 2730.8 168.7 nd 
1 21 0.15 2.32 69.26 1440.7 64.1 nd 
1 21 0.25 2.63 64.51 1032.0 60.0 nd 
1 21 0.21 2.4 71.67 1042.0 60.6 nd 
1 21 0.44 2.6 77.64 490.9 28.5 d 
1 21 0.34 6.05 160.60 1385.3 80.5 nd 
1 21 0.32 2.3 68.66 618.6 36.0 nd 
1 21 0.16 1.19 35.64 643.8 37.4 nd 
1 21 0.15 2.21 65.99 1373.3 79.6 nd 
1 21 0.31 2.02 60.32 651.6 32.1 nd 
1 21 0.33 2.66 66.00 772.7 44.9 d 
1 21 1.1 4.97 146.41 351.8 20.6 nd 
2 21 0.24 1.68 61.61 683.3 75.7 nd 
2 21 0.25 1.63 44.92 552.0 61.2 rul 
2 21 0.34 1.64 45.19 382.4 42.4 nd 
2 21 0.10 0.94 25.90 394.7 43.7 nd 
2 21 0.31 1.67 51 .S3 603.2 65.8 nd 
2 21 0.22 1.32 36.38 500.0 55.4 nd 
2 21 0.23 1.63 44.92 608.7 67.4 nd 
2 21 0.2 1.41 36.86 606.0 67.0 nd 
2 21 0.41 2.33 64.21 468.3 51 .o nd 
2 21 0.22 1.21 33.34 450.0 49.9 nd 
2 21 0.35 2.01 55.39 474.3 62.5 nd 
2 21 0.23 1.3 36.83 465.2 61.6 nd 
2 21 0.18 1.66 42.99 766.7 84.9 nd 
2 21 0.21 1.31 36.10 623.8 68.0 d 
2 21 0.5 2.05 66.49 310.0 34.3 nd 
2 21 0.28 1.44 39.68 414.3 45.9 nd 
2 21 0.32 2.65 73.03 728.1 80.7 nd 
2 21 0.32 1.74 47.95 443.8 40.2 nd 
2 21 0.63 2.64 70.00 379.2 42.0 nd 
2 21 0.2 1.04 28.86 420.0 46.6 nd 
2 21 0.25 1.2 33.07 380.0 42.1 nd 
2 21 0.10 1.03 28.38 442.1 49.0 nd 
2 21 0.11 0.81 22.32 636.4 70.5 nd 
2 21 0.47 2.53 69.72 438.3 48.6 nd 
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nd 
nd 
nd 
nd 
nd 
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nd 
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nd 
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nd 
nd 
nd 
nd 
nd 
nd 
nd 
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nd 
nd 
nd 
nd 
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Appendix C-4 cont’d. 

Treatment RJI Dys Wotpht (a) Wdpht @I m K Ml FM Wt a * coCr@d Fmkomu Lenom(cm) Dry Wt (0) 

W 
W 
W 
W 
W 
W 
W 

-. 

SC10 
SC10 
SC10 
SC10 
SC18 
SC10 
SC19 
scto 
HW7 
HC37 
HQ7 
HC37 
HC37 
HU7 
HC37 
HC37 
SC8 
SW 
!sca 
SC8 
SC8 
3ca 
SCB 
sa, 
ax 
a2 
ax 
Gu 

2 21 0.3 1.12 30.86 273.3 30.3 nd 
2 21 0.25 0.66 15.43 124.0 13.7 nd 
2 21 0.16 0.64 17.64 326.7 36.2 nd 
2 21 0.19 1.17 32.24 615.6 57.1 d 
2 21 0.23 0.94 25.90 308.7 34.2 nd 
2 21 0.3 1.29 35.55 330.0 36.6 lid 
2 21 0.14 0.66 16.19 371.4 41.2 nd 
2 21 0.6 4.68 128.97 680.0 76.3 nd 
2 21 0.32 3.75 103.34 1071.9 116.8 nd 
2 21 0.22 2.7 74.41 1127.3 124.8 nd 
2 21 0.32 1.38 38.03 331.3 36.7 nd 
2 21 0.3 3.4 93.70 1033.3 114.5 nd 
2 21 0.36 2.62 69.46 563.2 62.4 nd 
2 21 0.27 2.77 76.33 025.9 102.6 nd 
2 21 0.42 3.69 101.60 778.6 66.3 nd 
3 21 0.43 3.97 155.88 823.3 112.7 nd 
3 21 0.36 3.67 161 .QS OIL.0 133.4 nd 
3 21 0.37 2.05 80.49 454.1 62.1 nd 
3 21 0.29 1.08 77.74 582.8 79.8 nd 
3 21 0.34 3.42 134.28 905.9 124.0 nd 
3 21 0.26 1.24 46.69 376.9 51 A nd 
3 21 0.49 1.12 43.98 128.6 17.6 nd 
3 21 0.15 3.3 129.67 2160.0 267.4 lid 
3 21 0.21 1.55 60.66 638.1 87.3 nd 
3 21 0.35 1.68 65.96 380.0 62.0 nd 
3 21 0.32 1.46 67.33 356.3 48.6 nd 
3 21 0.36 2.15 84.42 514.3 70.4 nd 
3 21 0.31 1.6 62.82 416.1 57.0 nd 
3 21 0.13 1.01 39.66 676.9 92.6 nd 
3 21 0.28 2.48 97.37 785.7 107.6 nd 
3 21 0.14 1.56 61.25 1014.3 138.6 nd 
3 21 0.24 1.4 64.97 463.3 86.2 nd 
3 21 0.2 1.36 53.40 580.0 79.4 nd 
3 21 0.26 1.46 57.33 421.4 67.7 nd 
3 21 0.42 2.45 96.20 483.3 66.2 nd 
3 21 0.29 0.7 27.46 141.4 19.3 d 
3 21 0.26 1.32 61.83 371.4 SO.8 nd 
3 21 0.42 2.06 81.67 395.2 S4.1 nd 
3 21 0.53 1.76 60.10 232.1 31.6 nd 
3 21 0.26 2.35 92.27 803.8 110.0 nd 
3 21 0.34 1.93 75.78 467.6 64.0 nd 
3 21 0.31 5.41 212.42 1646.2 225.2 nd 
3 21 0.26 1.31 51 .u 403.8 66.3 nd 
3 21 0.34 2 78.63 468.2 86.8 d 
3 21 0.18 1.69 66.36 836.9 114.6 lid 
3 21 0.28 1.61 63.21 475.0 85.0 d 
3 21 0.3 1.4 54.97 366.7 so.2 nd 
3 21 0.32 1.71 67.14 434.4 59.6 nd 
3 21 0.3 1.25 49.08 316.7 43.3 nd 
3 21 0.28 1.31 61.44 367.9 so.3 nd 
3 21 0.18 0.79 31.02 338.9 46.4 nd 
3 21 0.44 2.05 80.49 365.9 so.1 nd 
3 21 0.31 1.62 SQ.68 390.3 53.4 nd 
3 21 0.31 0.99 36.67 219.4 30.0 Id 
3 21 0.49 1.73 67.93 253.1 34.6 nd 
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tnl&lFrash FindFmsh FnrhWt %Ctuqe Fmshwt Numberofbngatbaf 
Treatment Rm Days Weight Ig) Wefght fg) a~%cOncrol Fresh Wt TV XCon8d Rhtmmes Length(cm) Dw wt (9) 

w 
w 
w 
cc2 
w 
w 
w 
cc2 

SC16 
SC16 
SC16 
SC16 
SC16 
SC16 
SC16 
SC16 
HC40 
HC40 
HC40 
HUO 
HUO 
HUO 
HUO 
HC40 
HU3 
HCX3 
HC43 
HC43 
Hu3 
HU3 
HUJ 
HU3 

4 21 0.28 2.48 95.42 778.6 77.5 nd 
4 21 0.16 2.07 115.20 1766.3 174.0 nd 

4 21 0.17 1.6 68.16 782.4 77.0 nd 

4 21 0.29 2.31 89.60 696.6 69.4 nd 

4 21 0.15 1.66 60.51 940.0 93.6 nd 
4 21 0.27 3.36 130.33 1144.4 114.0 nd 

4 21 0.24 2.19 84.95 612.6 60.9 nd 
4 21 0.13 0.36 14.74 102.3 19.1 nd 

4 21 0.16 0.62 24.05 287.5 28.6 nd 

4 21 0.2 0.95 36.65 375.0 37.3 d 

4 21 0.14 0.98 38.01 600.0 66.7 nd 

4 21 0.12 0.84 32.56 600.0 69.7 nd 
4 21 0.19 1.41 S4.69 642.1 63.9 nd 
4 21 0.10 0.6 23.27 216.6 21.6 nd 
4 21 0.16 0.95 36.85 493.7 49.2 nd 
4 21 0.1 0.15 5.62 50.0 5.0 nd 
4 21 0.21 0.63 32.10 205.2 29.4 nd 
4 21 0.12 0.39 16.13 225.0 22.4 nd 
4 21 0.16 1.2 46.66 6S0.0 64.7 d 
4 21 0.24 1.19 46.16 395.8 39.4 cd 
4 21 0.3 1.24 48.10 313.3 31.2 nd 
4 21 0.32 1.46 57.41 362.5 36.1 I’d 
4 21 0.19 1.11 43.05 484.2 46.2 nd 
4 21 0.19 1.65 71.76 673.7 87.0 nd 
4 21 0.16 1.14 44.22 612.5 61.0 nd 
4 21 0.2 0.62 20.17 160.0 16.9 nd 
4 21 0.21 1.07 41.50 409.5 40.6 nd 
4 21 0.2 0.78 30.25 290.0 26.9 nd 
4 21 0.18 1.00 42.26 505.6 so.3 nd 
4 21 0.14 0.64 32.68 600.0 49.8 rKf 
4 21 0.1 0.79 30.64 690.0 66.7 nd 
4 21 0.28 1.68 65.16 600.0 49.8 nd 
4 21 0.2 1.55 60.12 675.0 - 67.2 nd 
4 21 0.18 0.32 12.41 77.6 7.7 nd 
4 21 0.17 0.64 32.58 394.1 39.2 nd 
4 21 0.25 0.62 31.81 228.0 22.7 nd 
4 21 0.3 2.46 96.19 726.7 72.4 nd 
4 21 0.21 1.21 46.93 476.2 47.4 nd 
4 21 0.17 0.62 24.05 284.7 26.4 nd 
4 21 0.4 2.49 96.56 522.5 52.0 nd 
5 21 0.22 1.19 64.66 440.9 101.6 nd 
s 21 0.22 0.68 41.26 163.6 37.8 nd 
5 21 0.36 0.75 53.36 108.3 25.0 nd 
5 21 0.34 0.97 69.01 185.3 42.8 nd 
5 21 0.45 3.3 234.77 633.3 146.2 nd 
5 21 0.22 0.47 33.44 113.6 26.2 nd 
5 21 0.27 2.45 174.30 807.4 186.4 nd 
6 21 0.22 0.63 37.71 140.9 32.5 nd 
5 21 0.3 0.06 68.30 220.0 SO.6 nd 
5 21 0.28 0.31 22.05 10.7 2.6 l-d 
5 21 0.27 0.64 45.53 137.0 31.6 nd 
5 21 0.21 0.93 66.16 342.9 79.2 nd 
5 21 0.39 0.68 62.61 126.6 29.0 nd 
6 21 0.37 1.46 103.67 294.6 66.0 nd 
s 21 0.27 1.34 95.33 396.3 91.6 nd 
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fni&afFmch FndFmch FnchWt. xchsros Fish Wt Number of tmwest Loat 
Treatment F&m Days Weight (a) Weight (a) as % ConM Fresh kt s X Contmf Rhizome Ler&h(cm) Dry Wt (a) 

ml 5 21 0.19 0.87 61.89 367.9 62.6 lid nd nd 

s 21 0.24 0.7 44.80 191.7 44.3 
5 21 0.25 0.6 42.69 140.0 32.3 
6 21 0.16 0.26 16.50 44.4 10.3 
5 21 0.26 0.46 32.73 76.9 17.8 
5 21 0.38 1.53 108.86 302.6 69.9 
5 21 0.36 0.96 68.30 174.3 40.2 
5 21 0.10 0.81 67.83 328.3 75.3 
5 21 0.31 0.61 67.63 161.3 37.2 
s 21 0.36 1.17 83.24 225.0 61.9 
5 21 0.3 0.66 39.13 83.3 19.2 
5 21 0.2 0.86 60.47 326.0 75.0 
5 21 0.27 0.36 26.61 33.3 7.7 
5 21 0.3 1.03 73.28 243.3 66.2 
5 21 0.18 0.36 24.90 94.4 21.6 
5 21 0.10 0.44 31.30 131.6 30.4 
5 21 0.21 0.43 30.59 104.6 24.2 
s 21 0.23 1.31 93.20 469.6 106.4 
5 21 0.27 2.44 173.59 603.7 166.6 
5 21 0.41 2.35 167.10 473.2 109.2 
5 21 0.2 1.45 103.16 625.0 144.3 
5 21 0.19 0.72 51.22 278.9 64.4 
5 21 0.43 1.07 76.12 146.8 34.4 
S 21 0.19 0.0 64.03 373.7 66.3 
5 21 0.34 1.49 106.00 338.2 78.1 
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Metal Concentrations in Brown Bullheads 

Brown bullheads (/cQ/unrs nebulosus) are bottom dwelling fish 
that feed on both live and decaying plant and animal materials. They 
are frequently in contact with sediments which may hold enriched 
sources of metals and other contaminants. Their unique position in the 
food chain, benthic-dwelling habits, and tolerance for low quality water 
make them excellent subjects for assessing the local impacts of 
contaminants. Brown bullheads as well .as other catfish have been 
reported to harbor elevated concentrations of a variety of metallic and 
organic contaminants in their tissues (Johnston and Baumann 1989, 
Baumann et al. 1987, Murphy et al.1978, Kim et al. 1989, Wrnger et al. 
1990, Heit and Klusek 1985). In addition, brown bullheads and other 
lctalurids taken from contaminated waters present a variety of 
physiological responses and pathological lesions associated with 
exposure to toxic chemicals (Gallagher and Di Giulio 1989, Maccubbin 
and Ersing 1991, Brown et al. 1973, Bowser et at. 1990). 

Our preliminary surveys demonstrated that brown bullheads were 
relatively abundant in Slocum Creek and nearby creeks in the lower 
Neuse River. Based on their abundance and rather common use in 
aquatic contaminant assessments, we focused on the brown bullhead 
as the principle species for study. In this report section we quantify the 
relative degree of contamination of brown bullheads within Slocum 
Creek, and among Slocum and Goose and Hancock Creeks. Our 
specific objectives were: 1) to determine if metal concentrations in 
brown bullheads from Slocum Creek are different than those two 
relatively uncontaminated creeks (Hancock and Goose Creeks); 2) to 
determine if there is a difference in metal concentrations in brown 
bullheads within specific areas of Slocum Creek (East Prong, 
Southwest Prong, and mainstem). 

Methods 

Brown bullheads were captured by hook and line, fike nets, and 
electroshocking during the summer of 1992. Samples were collected 



D-2 . 

from Goose Creek, Hancock Creek and three portions of Slocum Greek 
(figure I, 2). A subsample of these fish was selected to achieve about 
I 0 fish per site. Length, weight, and gross pathological lesions were 
noted on all fish and are reported in other sections of this report. 

Analytical work on metals in fish has generally been focused on 
whole bodies or muscle tissue rather than analyses of iiver and kidney 
tissues (examples: Heit and Klusek 1985, Winger et al. 1990, Murphy 
8t al. 1978, Giesy and Wiener 1977). This is probably because of the 
desire to link residues in fish with human and wildlife food chains. 
Because the present study was designed to examine the relative 
degree of metal contamination among creeks, we targeted liver and 
kidney for analyses in order to obtain better resolution and greater 
biological interpretation. 

Analytical sensitivity is independent of tissue type. Better 
resolution (fewer negative values or values below the analytical 
detection limit) is obtained by sampling tissues that tend to accumulate 
contaminants rather than those that do not. In general, liver and kidney 
tissue Of terrestrial vertebrates are better aCCUmUlaiOrS Of metal 
contaminants than is muscle, and therefore, these tissues are typically 
targeted for metal analys8s. Less work has been don8 with metal 
accumulation in various organs of fish. Available reports on this topic 
suggest that metals do accumulate in fish liver and kidney (Garofano 
and Hirshfield 1982, McKim et al. 1976, McFarlane and Franzin 1980) 
and that the concentrations may be higher than those in whole bodies 
or other tissues (Berg and Bums 1985, Burrows and Krenkell973, 
Weisbart 1973). There is also some indication that metal 
concentrations in liver better reflect long term exposure to low levels of 
metals than do other tissues (Benedetti et al.1989) and that loss rates 
of some metals from liver and kidney are less than for whole bodies 
(Weisbart 1973). 

We chose to work primarily with liver rather than kidney because 
Of its larger Size, which provides some analytical benefits. However, a 
small number of kidney samples were also analyzed to compare the 
accumulation of metals in kidney and liver tissues from the same 
individuals. 

Most fish Coflect8d and used in the residue samples were 325 
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400 mm in length. Analytical samples were collected at necropsy. 
Samples of liver and head kidney were frozen in chemically cleaned 
glass jars (lCHEM@, Fisher Scientific). Instruments were repeatedly 
cleaned in distilled water, acetone, and then hexane as Samples were 
being collected. 

Samples were analyzed under contracts established by the U. S. 
Fish and Wildlife Service, Patuxent Analytical Control Facility (PACF), 
Laurel, MD. The PACF was established by the Fish and Wildlife 
Service to assure analytical quality control and assurance for all Fish 
and Wildlife analytical samples. The contractors are required to 
perform under a set of Standard Operating Procedures, with specified 
performance on duplicate and spiked samples. 

The details of the analytical methods are included in Appendix D- 
I. The 17 analytes quantified were aluminum, boron, barium, 
beryllium, cadmium, chromium, copper, iron, mercury, magnesium, 
manganese, molybdenum, nickel, lead, strontium, vanadium, and zinc. 
All of these analytes were quantified by Inductively Coupled Plasma 
emission techniques, except for mercury. Mercury was quantified by 
Graphite Furnace and Cold Vapor Atomic Absorption. 

Metal concentrations are reported on a dry weight basis. 
Analytical sensitivities for each sample differed slightly based on the 
amount of tissue submitted. These limits of sensitivity were 
established for samples based on fresh weights. Conversion of 
analytical detection limits to a dry weight basis, coupled with the 
differences in the amount of tissue submitted for analyses, resulted in 
apparently different analytical detection limits for each sample and 
therefore among sites. However, these differences are considered 
minimal and were not considered in the statistical analyses of the data. 
Actual levels of sensitivities for each sample are presented in the 
analytical report (Appendix D-l ). 

The proportion of samples with detectable metal analytes was 
compared amoni sites using Pearson’s Chi-square tests. If the 
proportion of samples with detectable residues per site was ~50%, the 
data were log normalized and geometric means calculated. it was not 
considered useful to present geometric means when th8 propofiion of 
samples with analytes was ~50%. When all sites of interest had 
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samples with analytes was ~50%. When all sites of interest had 
detectable residues 250%, we compared among sites using a one-way 
ANOVA with Tukey’s test for differences among means. For these 
parametric statistics we used half the analytical detection limit as the 
value for non-detects. The relationship between metals was examined 
by correlation analysis. We used multivariate analysis of variance 
(MANOVA) to examine whether the combination of (log-transformed) 
metal residues was distinguishable among creeks. Our analysis was 
based on 14 elements; we excluded beryllium, barium, and nickel 
which were rarely detected. To 8xamine the potential influence of fish 
age/size on metal residues we regressed age, size, and length against 
the same 14 elements used in the MANOVA test. For all statistical 
tests, we set a =0.05. 

RESULTS 

Comparison of metal residues among creeks 

All metal analytes except barium and beryllium were detectable 
in one or more brown bullhead livers from Goose, Hancock, and 
Slocum Creeks (Figure 3, Table 1). Copper, iron, magnesium, 
manganese, strontium, and zinc occurred in ail samples analyzed. The 
occurrence of individual metals differed significantly by creek for 
aluminum, cadmium, and vanadium. In every case where the 
occurrence of individual metals differed significantly, the proportion of 
samples containing detectable residues was highest in samples from 
Slocum Creek. 

Using our established criteria for comparison of average metal 
concentrations (150% of the samples from each site with detectable 
levels of individual metals), we were able to test 9 metals for 
differences among creeks (Table 1). Differences among creeks were 
not significant for aluminum, boron, iron, and manganese. Metals that 
differed significantly among creeks were copper, mercury, magnesium, 
strontium, and zinc. in no case were metal concentrations higher in 
fish from Siocum Creek compared to other creeks (Table 1). 

Correlation coefficients for metal concentrations in liver were 
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concentration of individual metals were not linked with those of other 
metals. 

The MANOVA test was used to distinguish patterns of overall 
metal concentrations among creeks. These overall patterns are based 
on all metals analyzed rather than individual metals. Our MANOVA 
test indicated that the overall pattern of log-transformed residue levels 
differed significantly among creeks. To illustrate the differences, we 
plotted multivariate least-squares means for the canonical variables, 
which are linear combinations of the original variables based on the 
multivariate model being fitted (Figure 4). The plotted point for each 
creek represents the mean canonical score for all fish analyzed from 
that creek (centroid); each circle represents a 95% confidence region 
about that centroid (SAS Institute Inc.). Overlapping confidence 
regions would indicate that fish from the three creeks did not have 
distinguishable overall patterns of metal residues. in our case, 
however, confidence regions were clearly distinct, indicating that fish 
from different creeks can be characterized by the metals that they 
contain. Some of the elements accounting for the among-creek 
differences were Zn, Fe, Mg, Cu, and Hg. 

Comparison of metal residues within reaches of Slocum Creek 

Using univariate approaches, we did not detect any differences in 
the occurrence of metal residues among bullheads from the different 
reaches of Slocum Creek (Figure 5, Table 3). Likewise, there were no 
differences in the average metal concentrations among bullheads from 
the three reaches (Table 3). Using a multivariate approach, we found 
that fish from the three reaches of Siocum Creek differed significantly 
in the overall pattern of metal concentrations present. The significance 
level varied from 0.004 to 0.129 for the four approximate F tests;, thus 
the absolute magnitude of the difference is unclear. However, the 
centroid plot (Figure 6) suggests that fish from the three reaches can 
be characterized by the pattern of metal residues within the liver. 
Elements contributing most strongly to the differences among reaches 
were Zn, Mg, Cd, and Cu. 
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Metal Residues in Liver vs. Kidney 

We analyzed 11 kidney samples for comparison with liver 
tissues. In general, the occurrence of detectable residues and average 
residue levels were similar between liver and kidney tissues, or were 
higher in liver than for kidney (Table 4). The major exception to this 
was cadmium, which averaged about 5X higher in kidney than in liver 
from the same individuals. Zinc also tended to be higher in kidneys 
than in livers. 

Metal residues in livers and kidneys generally showed a high 
degree of correlation (Table 5). The correlation between kidney and 
liver was negative for zinc, but was positive otherwise for metals in 
which a high degree of int8rr8laiedneSS was observed. 

Metal residues in relation to fish age and size 

Fish subjected to Chemical analyses were of relaiiveiy uniform 
length for Slocum (365 mm) and Hancock Creeks (351 mm) , but mean 
length for fish from Goose Creek (298 mm) was significantly less than 
for Slocum and Hancock Creeks. For metals that are positively 
correlated with fish size, the differences in fish size among the ihr88 
creeks would result in a size dependent elevation of mean metal 
concentrations fish from Slocum and Hancock Creeks compared to 
Goose Creek. Thus for these metals, the size bias tends to 
overestimate the relative metal concentrations in Slocum and Hancock 
Creeks compared to Goose Creek. 

Based on data from all creeks combined, iron was the only 
element in the liver that was positively correlated with age, length, and 
weight (Figure 7). Chromium and magnesium concentrations in the 
liver were negatively correlated with age, length and weight. Liver 
manganese, molybdenum, and strontium concentrations were 
negatively correlated with length and weight. 

Metal concentrations in kidneys were less well correlated with 
age, length, and weight than were those in the liver (Figure 7). 
Cadmium and vanadium were positively correlated with length and 
weight, respectively. 
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Our kidney samples were all collected from Siocum Creek fish; 
however, liver samples were taken from fish from all three creeks. 
Thus, the correlations we obtained could be affected by differences 
among creeks. To address this concern, we also determined 
correlations for liver samples from Slocum Greek fish only. We found 
that correlations between age and metal concentration tended to be 
positive, although the correlation was significant only for aluminum 
(Figure 8). Cadmium, mercury, and vanadium were positively 
correlated with fish length whereas manganese was negatively 
correlated. For fish weight, cadmium and mercury were positively 
correlated; both manganese and molybdenum showed negative 
correlations. 

DISCUSSION 

Riggs (1991) reported significant metal enrichment in the 
sediments of Siocum Creek compared to other sites sampled in the 
Lower Neuse River and its tributaries. Sediment enrichment factors 
varied considerably within Slocum Creek, with the highest enrichment 
factors occurring in East Branch (East Prong) and the upper portion of 
Siocum Cr88k (the section that we identified as the mainstem). Metals 
were also enriched in the surface sediments of the West Branch- 
(Southwest Prong), but the enrichment was not as great as for the East 
Branch and the Upper Siocum areas. Riggs (1991) calculated a mean 
enrichment factor (EF) for each element by segment of Slocum Creek. 
Within East Branch, the EFs were: cadmium (14.4 X), molybdenum 
(4.2 X), chromium (6.5 X), mercury (2.8 X), lead (4.8 X), copper (7.5 X), 
nickel (2.2 X), and zinc (2.9 X). Enrichment factors in mainstem 
Slocum Cr88k were lower except for mercury (6.4 X). Riggs et al. 
(1991) reported minimal enrichment of sediments in the lower portion 
of Siocum Creek and in Goose and Hancock Creeks. 

The current study was designed to optimize the potential for 
discriminating differences in metal concentrations in fish from several 
locations in the lower Neuse River. Fish from Siocum Creek were 
collected from the three areas that Riggs et al. (1991) identified as 
most contaminated based on sediment enriChm8ni calculations. Our 
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choice of liver rather than muscle as the tissue of choice for analytical 
chemistry was designed to increase our resolution to discriminate 
differences in metal concentrations among sites. We optimized our 
experimental design to emphasize a single species, and to the extent 
practical, we standardized the size classes of fish included in our 
sample. 

Based on this rigorous experimental design, we found little i0 
indicate that fish from Slocum Creek were more contaminated with 
metals than fish from Hancock and Goose Creeks. The occurrence of 
metal concentrations above the minimum analytical detection limit was 
higher in Slocum Creek for some metals, but the ConCeniratiOnS of 
these metals were generally low. Mean metal concentrations in fish 
from Slocum Creek were not higher than for the other two creeks, and 
in some instances were significantly lower. Within the three sampled 
portions of Slocum Cr88k there were no differences in occurrence or 
average metal concentrations. 

it is reasonable to ask why brown bullheads from Slocum Creek 
do not harbor higher metal concentrations than those from other 
creeks, even though sediments in Slocum Creek are enriched by a 
number of metals. There are several potential explanations for this. 
Fish may move between creeks and thus their metal concentrations do 
not reflect that of their current environment. Several points argue 
against this hypothesis. First, the turnover and movement of brown 
bullhead populations would have to be substantial within each creek. 
We believe that the salinity gradient from Goose, Hancock, and Slocum 
Creeks to the lower Neuse River provides a physiological barrier to the 
movement of fish. Smith (1971) as cited by Jones et al. (1978) 
reported finding brown bullheads at salinities up to IO ppt in tidal 
tributaries of the Delaware River. Salinity that w8 recorded in the 
mouths Of SlOCUm, Hancock, and Goose Creeks, as well as in th8 
Reuse River, frequently approached or exceeded IO ppt. Second, 
even species that are extremely mobile (migratory waterfowl for 
example), in aggregate reflect relative contamination of their local 
environments (Fleming and Atkeson 1980, Fleming and O’Shea 1980). 
Third, although we did not specifically examine fish movement pattern 
as Part of this study, we used muiiivariaie analyses to characterize the 
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overall metal patterns or ‘fingerprints” among sampling sites. We 
would expect that relatively non-mobile fish populations would develop 
distinctive metal fingerprints, whereas highly mobile populations that 
frequently interchange individuals would not have a distinctive pattern 
of metal residues. Our multivariate analyses indicate that there are 
distinct patterns of metal contamination that characterize each area 
studied. Therefore we are left with the conclusion that the movement 
of fish among study areas is not a major factor contributing to the 
similarities of metal concentrations among study sites. 

An alternate hypothesis to explain the similarity in metal 
concentrations among sites is that although metals are enriched in the 
upper sediments of Slocum Creek, they are not bioavailable. The 
bioavailability of metals is a complex issue that requires the integration 
of physical and chemical properties of sediments and water with the 
types of organisms present. A description of factors controlling the 
bioavailability of metals in Slocum Creek was beyond the scope of this 
study. However, we offer the following observations. Ionic metals 
readily complex with organic materials, rendering metals less available 
to biological organisms. Our non-random subset of sediments from 
Slocum Creek (those we selected for metal analyses) were rich in 
organic materials. Metal ions combine with sulfides to form relatively 
insoluble metal sulfides that are not generally biologically available. 
We frequently smelled hydrogen sulfides while working in the field with 
fresh samples. Acid volatile sulfides were present in sediment samples 
analyzed for metals. This anecdotal and quantitative finding of sulfides 
in sediments is probably influential in the bioavailability of metals from 
sediments to biological organisms. 

The analytical work performed for this study was conducted on 
liver and kidney tissues. These tissues generally concentrate metal 
contaminants to higher levels than do muscle or whole body, thereby 
providing improved resolution in the detection and quantification of 
metals in fish. For example, mercury levels in liver and kidney were 2 
to 7 times higher than those in whole fish exposed to methylmercury 
(Burrows and Krenkel, 1973). Because an objective of this study was 
simply to determine if there were differences in fish from different sites, 
we wanted the highest level of resolution that we could obtain. Our 



D-10 

selection of liver tissue proved to be beneficial as most metals 
concentrated to a higher level in liver than in kidney. The drawback to 
our reliance on analyses of kidney and liver tissues is that there is little 
literature against which to compare residues or to interpret the 
biological consequences of the observed metal concentrations. 

Several elements that are classified as metals are essential to 
physiological function and good health. For example, iron is essential 
in several bodily functions including the synthesis of hemoglobin. The 
mere presence of measurable amounts of metals in the organs of fish 
is not to be interpreted as a threat to the health of fish or to animals 
that eat fish, including man. However, even essential elements when 
acquired in higher amounts than necessary for the biochemical 
homeostasis, may prove d8triment8f to fish as well as other organisms. 
Because there is little literature to provide a proper interpretation of 
metal concentrations in bullheads or other fish, our biological 
interpretation of these data are limited to the physiologic, histologic, 
and survival data that are described elsewhere in this report. 

Previous studies have demonstrated significant correlations of 
metal residues in fish with fish size. Mercury concentrations in whit8 
sucker (Catostomus commersoni) and brown bullhead dorsal muscle 
were significantly correlated with fish size, while zinc was negatively 
correlated with size in white suckers (Heit and Klusek 1985). The 12 
other elements were not significantly correlated with size in either fish 
species. We did detect a positive correlation for cadmium and mercury 
concentrations within the liver versus length and weight for Slocum 
Creek brown bullhead. The only element positively correlated with 
length, weight, and age was aluminum. However, our study design 
was not optimized to detect size and age influences on metal 
concentrations. Our objective was to compare metal concentrations 
among creeks which required a sampling design that achieved equity 
among creeks with regard to fish size and age. We consider the 
potential for age, weight, and length to influence the interpretation of 
our site to Site comparisons of metal concentrations to be low. 
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CONCLUSIONS 

Metal concentrations in the liver tissue of brown bullheads were 
compared among Slocum, Hancock, and Goose Creeks, as well as 
among three sites within Slocum Creek. Fish from Slocum Creek had 
an equal or higher percentage of sampled fish with metal 
concentrations above analytical detection limits compared to other 
creeks. However, metal concentrations were not higher in Slocum 
Creek compared to Goose and Hancock Creeks. Metal concentrations 
within reaches of Slocum Creek did not differ significantly. These data 
suggest that the higher incidence of detectable metal concentrations in 
Slocum Creek compared to Goose and Hancock Creeks is the result of 
a shift of metal concentrations from below analytical detection limits to 
concentrations minimally above those limits. Overall, the data support 
the conclusion that metal concentrations in brown bullheads do not 
reflect the creek- and location-specific metal enrichment of sediments 
as reported by Riggs (1991). It is hypothesized that the bioavailability 
of metals from the sediments to food chains is limited due to existing 
physical and chemical factors present in the sediments of Slocum 
Creek. 
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Table 1. Geometric means, minimum and maximum values (ppm dry wt.), and occurrence (% of samples with metals above minimum 
detection limit) of metals in the livers of brown bullheads collected from Goose, Hancock, and Slocum Creeks, NC, 1991-92. Means for 
individual metals that are followed by different letters are significantly different (~~0.05). Comparison of geometric means for individual 
metals among Cr88kS was only attempted if all thr88 creeks had reportable geometric means meeting the following criterion. 
Geometrtc means were not calculated if fewer than 50% of the samples contained metals above the minimum analytical detection limit. 
Columns with bold numbers in the occurrence rows indicate that th8r8 was a significant difference in occurrence 
among creeks. Ba, Be, and Ni were not included in the table because of their infrequent occurrence. 

Al B Cd Cr Cu Fe Hg Mg Mn MO Pb Sr V Zn 

GOOSE GEOMEANS 
MINIMUM 

MAXIMUM 
OCCURRENCE 

11.3 1.61 
q3.77 0.37 

48 4.97 
50 80 

50 A 921 0.31 A 797 A 5.11 
co.24 23 377~0.14 548 2.35 

2.07 77 3235 0.94 1220 10 
20 loo 100 90 100 100 

3.53 A 
co.24 1.20 

6.83 16 
30 loo 

113A 
66 

153 
100 

<0.06 
1.53 

30 

<a31 
2.34 

40 

co.31 
1.96 

30 

HANCOCK GEOMEANS 12.9 2.03 
MINIMUM c2.56 1.05 

MAXIMUM 1089 5.27 
OCCURRENCE 70 100 

26 B 1731 0.16 B 761 AB 5.66 0.69 
co.24 5.99 922 0.12 566 3.98 qO.24 

0.76 104 2355 0.33 974 8.65 2.13 
20 loo loo loo 100 100 70 

0.68 1.98 AB 
co.24 1.51 

1.73 2.51 
60 100 

100 AB 
57 

180 
100 

CO.05 
0.24 

30 

co.24 
1.22 

30 

8.08 0.66 0.87 1.83 B 
2.48 eO.25 <0.24 0.59 

14 1.89 18.53 5.34 
100 74 55 loo 

97 B 
64 

147 
100 

SLOCUM GEOMEANS 11.8 1.23 0.29 37AB 2188 0.22AB 658B 
MINIMUM c3.39 0.25 qO.05 co.24 12 8n 0.10 519 

MAXIMUM 27 4.00 2.25 0.97 94 4143 0.66 ,887 
OCCURRENCE 90 90 93 42 100 loo 100 100 

<0.24 
2.46 

62 



Table 2. Correlation coefficients for metal concentrations in livers of fish from Slocum, Hancock, and Goose 
Creeks, NC, 19914992. 

1.k 0 z-2 
Cd Cr cu Fe 

1:omJ 0.2602 0.0364 0.2406 0.0215 -0.1106 0.1460 -0.1317 0.1516 

1.0000 0.0603 0.1034 0.2241 
1.0000 0.2146 -0.5110 

1.0000 -0.0210 
1.0000 

Hg WI 
0.1449 -0.0037 
-0.1052 0.3615 
0.1727 -0.0447 
-0.0539 0.6109 
0.1337 0.0743 
0.1423 -0.4453 
1.0000 -0.0044 

1.0000 

Mn 
0.0264 
0.0486 
0.1864 
0.2604 
-0.1197 
0.0019 
-0.2719 
0.2181 
1.0000 

OEl 
0.1743 
0.2107 
0.1656 
0.3244 
0.0714 
-0.0206 
0.1944 
0.3993 
l.WW 

Pb 
0.3137 
0.1956 
0.4544 
0.2336 
0.1449 
0.0261 
-0.0653 
0.3914 
0.1676 
0.1188 
l.OCNJO 

St 
0.0631 
0.4273 
0.0028 
0.2512 
0.0960 
-0.2953 
0.1063 
0.5627 
-0.0041 
-0.0236 
0.2464 
1.0090 

0.3y29 
0.2275 
0.4342 
0.0434 
0.2036 
0.2106 
0.3415 
-0.0721 
0.0074 
0.3059 
0.1614 
0.2407 
1.0900 

Zn 
0.3122 
-0.1024 
0.1042 
0.2129 
0.7001 
-0.1046 
0.2120 
0.3501 
-0.0107 
0.4223 
0.2139 
0.1156 
0.1616 
1.om 

c 



Table 3. Geometric means, minimum and maximum values (ppm dry wt.), and occurrence (Oh of samples with metals above minimun 
detection limit) of metals in the livers of brown bullheads collected from three reaches of Slocum Creek, NC, 1991-92. Geometric 
means and the occurrence of individual metals were not different (~~0.05) among reaches for any metal. Comparison of metals 
among creeks was only attempted if all three creeks had reportable geometric means meeting the following criterion. Geometric 
means were not calculated if fewer than 50% of the samples contained metals above the minimum analytical detection limit. Ba, Be, 
and Ni were not included in the table because of their infrequent occurrence. 

EAST GEOMEANS 13 1.18 0.34 0.48 31 2142 
MINIMUM 4.14 0.30 0.05 0.25 13 1310 
MAXIMUM 21 2.69 2.25 0.97 87 2879 
OCCURRENCE 90 90 90 50 loo loo 

MAINSTEM GEOMEANS 12 1.48 0.31 0.35 38 2088 0.24 638 5.45 0.88 0.55 1.42 0.83 94 
MINIMUM 3.39 0.68 0.07 0.24 12 877 0.10 519 2.48 0.25 0.25 0.59 0.34 65 
MAXIMUM 27 3.83 1.10 0.59 84 4143 0.88 789 10.00 1.22 2.33 2.87 1.97 128 
OCCURRENCE 80 100 90 30 loo 100 100 loo loo 80 40 100 80 100 

WEST GEOMEANS 11 1.11 0.23 0.37 44 2345 0.20 843 5.82 0.82 0.57 1.62 0.67 105 
MINIMUM 8.28 0.25 0.11 0.24 25 1449 0.10 580 3.83 0.25 0.25 1 .oo 0.25 91 
MAXIMUM 23 4.00 0.44 0.63 94 3588 0.59 887 7.71 1.89 1.85 5.34 2.46 147 
OCCURRENCE 100 82 100 45 loo loo 100 loo loo 91 54 loo 73 100 

Al B Cd Cr Cu Fe Hg 

0.22 
0.11 
0.57 
100 

Mg Mn MO Pb ST V tn 

895 7.38 0.53 0.98 1.90 0.44 91 
558 3.81 0.25 0.25 0.83 0.24 84 
811 14.00 1.64 19.00 4.74 1.07 128 
100 100 50 70 100 40 100 

? 
3 



Table 4. The occurrence and concentrations of 17 metals in the liver and head kidney of brown bullheads, Slocum Creek, 1991- 
1992. (jleometrlc means are presented only II 50% or more of the samples had metal concentrations above the analytical detection 
limit. For statistical comparisons, NSD = no significant difference (PsO.1). 

Al B 80 Bo cd Cr Cu Fo Hg Mg hh ti 

Kldney Koccunenco 36 73 0 9 100 16 100 100 55 100 100 0 

Geometric Mean 1.72 1.01 6.67 1357 0.12 653 4.25 

Mlnlmum cont. 3.58 0.36 0.34 0.07 0.33 0.34 3.35 880 0.04 486 2.31 0.34 

Msxlmum cont. 10.8 10.7 0.83 0.34 2.20 1.48 24.4 2963 0.40 802 12.8 0.63 

Llvrr Xoccunenco 82 100 0 0 62 36 100 100 100 100 100 82 10 45 100 

Qeomelrk Mean 10.3 1.92 0.22 42.6 2225 0.21 650 5.88 0.78 2.01 

Mlnlmum cont. 3.39 0.6 0.24 0.05 0.25 0.24 26.8 877 0.10 556 3.81 0.25 0.24 0.25 1.00 

Maxlmum cont. 20.6 4.00 0.40 0.09 0.44 0.97 00.5 4143 0.59 611 13 1.69 2.60 2.33 5.34 

Compa- 9b occurrence (a) So.1 m Pal ml 50.05 m m 
rlaonr 

Gomatrk Mean (b) SQ.1 so.05 50.05 so.05 so.1 NSD so.1 

MI Pb Sr 

9 18 100 

2.65 

0.34 0.34 1.65 

1.40 2.93 4.74 

tail 

so.1 

V 

64 

1.06 

0.40 

4.29 

55 

0.56 

0.25 

2.13 

Ita 

so.1 

al 

100 

69 

50 

94 

100 

99 

63 

114 

m 

so.05 

(a) Chl squarr lerl tar the proportlon of ramples with delectable metal concentratkns In liver and kldney. 
(b) Sludent’a f test on log Iranstormed metal concentrationa In liver and kldney. 
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Table 5. Correlation coefficients for metal concentrations in the livers and head 
kidneys of brown bullheads from Slocum Creek. Only elements that were above 
detection limits in more than 50% each of liver and kidney samples are presented. 

Element 

B 

cd 

cu 

Fe 

w 

WI 

b/h 

Sr 

v 

zn 

Correlation 
Coefficient 

0.07 0.84 

0.86 

-0.18 0.59 

0.50 

0.72 

0.56 

0.67 0.02 

0.58 0.06 

0.86 

-0.61 0.05 

Significance 
Level 

0.01 

0.11 

0.01 

0.07 

0.00 
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Figure 1. Locations of creeks from which brown bullheads were collected -J 
in 1992 for metal analyses. 
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Figure 2. Portions of Slocum Creek from which brown bullheads 
were collected in 1992 for metal analyses. 
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Figure 3. Occurrence of 17 metals in liver tissue from brown bullheads 
collected from Slocum, Hancock, and Goose Creeks, NC, 1991-l 992. 



P
E

R
C

E
N

T 

B
 

P
 

cl
 

I 
n 

z 
g 

4:
 

a 
ul

 
Q

) 
-I 

z 
to

 
s 

0 
0 

0 
0 

0 
0 

0 

b 
$ 

g 
b 

b 
b 

b 
b 

l o 
b 

‘0
 

0 
0 

0 
0 

0 
0 

0 
0 

0 

Al
 B Ba
 

Be
 

C
d C
r 

C
U

 

Fe
 

H
g 

M
g 

M
n 

M
O

 N
i 

Pb
 

S
r V al
 



D-23 

-29 

-3 1 

-32 

-33 

40 47 
I 

-26 45 -&I -;3 
Canonical2 

0 than ock 

/Fe . 

Figure 4. Centroid plot of metal residues in brown bullheads among 
Slocum, Hancock, and Goose Creeks. 



D-24 

Figure 5. Occurrence of 17 metals in liver tissue from brown bullheads 
collected from the East Branch, Southwest Branch, and mainstem of 
Slocum Creek, NC, 1991-l 992. 
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Figure 6. Centroid plot of metal residues in brown bullheads among 
the three reaches of Slocum Creek. 
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Figure 7. Correlation for brown bullhead kidney and liver tissue .L 
between metal concentration and age (upper panel), length (center 
panel), and weight (lower panel). Dashed and solid iines indicate 

statistically significant correlations for kidney and liver tissue 
respectively. 
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Figure 8. Correlation for Siocum Creek brown bullhead liver tissue 
between metal concentrations and age (upper panel), length (center 
panel), and weight (lower panel). Horizontal lines indicate statistically 
significant correlations. 
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APPENDIX D-l 

Analytical report for metal concentrations in liver and kidneys of 
brown bullheads. 
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Sample 
Number 

-------- 
303K 
355K 
44311 
444K 
447K 
499K 
505K 
539K 
544K 
557K 
56lK 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 

UKICHT, t WOISTURE, 1 LIPID, TMAL SUSPENDED SOLIDS 

Sample Matrix 
_--__----_--_-----_------ 
Kidney 
Kidney 
KiCbl.y 
Kidney 
KidJlSY 
Kidney 
Kidney 
Kidney 
KidIlOY 
Kidney 
Kidney 
Liver 
Liver 
Llver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llvor 
Livar 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Sample Percent 
Weight 1gJ Moisture 
--m-m---_ --------__ 
1.47 70.12 
2.06 78.12 
3.85 70.12 
3.86 78.12 
3.16 78.12 
2.56 78.12 
4.32 78.12 
6.72 74.26 
4.99 78.12 
5.35 78.12 
0.65 81.97 
10.86 76.99 
7.99 79.47 
4.19 77.72 
9.22 82.1 
12.18 78.08 
2.62 77.72 
4.3 77.72 
3.96 77.72 
1.38 77.72 
1.26 77.72 
1.72 77.72 
4.87 77.72 
5.34 77.72 
9.26 76.78 
10.43 00.06 
5.38 77.72 
3.83 77.72 
6.2 75 
8.58 74.13 
15.3 76.27 
15.37 00.42 
1.13 77.72 
6.75 74.96 

Percent 
Lipid 

_-----__-_ 

Total Suspended 
Solids 4 B 1 

------..---_-___- 
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sample 
Numbar 

-------- 
444 
445 
447 
440 
499 
501 
503 
504 
505 
539 
544 
557 
561 

.A10 
Al6 
A2 
A20 
A21 
A22 
A23 
A25 
A26 
A3 
A32 
A38 
A5 
A8 
A9 

23-Jun-94 Purchase Order: PACF-3-0023 Page: 2 

WEIGHT. t HOISTURR, \ LIPID, TOTAL SUSPENDED SOLIDS (Cont.1 

Sample Matrix 

Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llvor 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Sample Percent 
Weight (gl Moisture 
--------- ---------- 
8.05 77.72 
19.29 77.66 
12.22 74.3 
9.32 77.50 
4.56 77.72 
7.74 76.1 
10.57 78.71 
10.45 01.44 
10.58 79.87 
11.28 70.55 
8.13 61.55 
9.11 81.78 
15.35 82.28 
2.26 77.72 
5.26 77.72 
0.74 75.17 

. 5.32 77.72 
6.72 76.34 
8.91 70.9 
9.77 75.74 
7.70 77.72 
13.57 77.16 
11.67 68.81 
3.46 77.72 
3.83 77.72 
8.2 77.72 
9.31 77.72 
1.69 77.72 

Percent 
Lipid 

---------- 

Total Suspended 
Solids I t 1 

---0--_____-__-_ 



. . 
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Sanpls 
Analyte Number 

-------------m--e^-- ------- 
Al 303K 

355K 
443K 
444K 
447K 
499K 
505K 
539K 
544K 
557K 
561K 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 

Sample Hatrix 
---------------- 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

COWI'A74INANT CONCENTRATIONS 

Reault 
(Ppn Dry Wt.1 

-------------_ 
< 16.559415 
=z 10.7586837 
< 7.1636197 

7.893053 
< 9.3500914 
< 12.2463437 

19.5656135 
.c 10.7296 

13.5100548 
13.8254113 

I 6.0366 
0.729 
10.74 
9.2549372 
20.61 
19.2 

< 12.0915619 
11.8716336 

e 7.5359066 
38.016158 

.z 22.606553 
-G 15.4902047 

14.9147217 
11.3240575 
19.42 
17.01 

c 5.1238779 
c 7.93S368 

9.006 
7.649 
6.642 
11.38 

( 22.0664201 
6.246 

.-- 

Detection Limit Result 
lppm Dry Wt.1 
------------- 
16.559415 
10.7586637 
7.1636197 
7.8258684 
9.3500914 
12.2463437 
9.0251371 
10.7296 
6.8171846 
7.2225777 
8.0386 
4.7905 
4.7801 
7.3339318 
4.0544 
4.8263 
12.0915619 
6.1790844 
7.5359066 
16.2154399 
22.806553 
15,4902047 
5.5493716 
5.7899461 
4.9116 
4.9702 
5.1238779 
7.935368 
4.9116 
4.9603 
4.045 
4.9505 
22.0884201 
4.9603 

(ppm wet wt.1 
------------_- 
< 3.6232 
< 2.354 
< 1.5674 

1.727 
< 2.0450 
< 2.6795 

4.281 
< 2.761799 

2.956 
3.025 

< 1.4493596 
2.0094150 
2.204922 
2.062 
3.68919 
4.20864 

< 2.694 
2.645 

< 1.679 
0.47 

< 5.0813 
< 3.453 

3.323 
2.523 
4.509324 
3.391794 

e 1.1416 
< 1.768 

2.2515 
1.9707963 
1.6236066 
2.220204 

( 4.9213 
2.0647984 

-- 

Detection Limit 
rppn wet wt.1 
------em__--__ 
3.6232 
2.354 
1.5674 
1.7123 
2.0458 
2.6795 
1.9747 
2.761799 
1.4916 
1.5803 
1.4493596 
1.1046147 
.9813545 
1.634 
.a689376 
1.057925 
2.694 
1.3767 
1.679 
4.0584 
5.0813 
3.453 
1.2364 
1.29 
1.1404735 
.9910579 
1.1416 
1.768 
1.2279 
1.2632296 
1.1497185 
.9693079 
4.9213 
1.2420591 



, 
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-- 

Sample Reault 
Analyte Mumber S-la Hatrix (ppn Dry Wt.1 

_----m------m---_--- -----_-- --__-__-__-_____-_-- ____---___----. 
Al 444 Liver < 9.1526032 

445 Liver 13.7 
447 Liver 6.276 
440 Liver 11.51 
499 Liver < 6.7841113 
501 Liver 14.83 
503 Liver 16.03 
504 Liver 18.88 
505 Liver 26.55 
539 Liver 10.3 
544 Liver 23.40 
557 Liver 15.85 
561 Liver 11.35 
A10 Liver < 8.8913024 
A18 Liver 48.3842011 
A2 Liver 10.18 
A20 Liver 11.8357271 
A21 Liver 7.225 
A22 Liver 14.61 
A23 Liver 15.3 
A25 Liver 8.3438061 
A26 Liver 17.09 
A3 Liver 18.07 
A32 Liver 1088.8689408 
A38 Liver 7.4012567 
A5 Liver 20.2468562 
A8 Liver 14.8653501 
A9 Liver c 8.2751346 

Detection Limit 
brm~ Dry Wt.1 
__-_____----_- 
9.1526032 
4.9505 
4.8356 
5 
6.7841113 
4.931 
4 .a828 
4.902 
4.817 
4.99 
5.6689 
4.9213 
4.9505 
0.0913824 
5.3689408 
4.8544 
5.0228905 
4.9505 
4.8828 
4.99 
7.3626571 
4.9116 
4.9213 
8.6315081 
7.3967684 
6.478456 
5.997307 
8.2751346 

Result Detection Limit 
(ppm Wet Wt. ) (ppm Wet Wt.) 

_________-____-- -------------- 
c 2.0392 2.0392 

3.06050 1.1059417 
1.612932 1.2427492 
2.580542 1.121 

( 1.5115 1.5115 
3.54437 1.178509 
3.412787 1.0395481 
3.504128 .9098112 
5.344515 .9696621 
2.20935 1.070355 
4.33206 1.0459121 
2.88787 .a966609 
2.01122 .a772286 

< 1.981 1.981 
10.78 1.1962 
2.527694 1.2053475 
2.637 1.1191 
1.709435 1.1712883 
3.08271 1.0302708 
3.71178 1.210574 
1.859 1.6404 
3.903356 1.1218094 
5.636033 1.534953s 
242.6 1.9231 
1.649 1.648 
4.511 1.4434 
3.312 1.3362 

< 1.8437 1.8437 

B 303K Kidney 1.7106947 1.6556501 .3743 .3623 
355K Kidney e I.0758684 1.075eie4 < .2354 .2354 
443K Kidney < .7161792 .7161792 c .lf67 .1567 
444K Kidney e .7024497 .7024497 c .1712 .1712 
447K Kidney 1.0173675 .9351005 .2226 .2046 
499K Kidney 2.524223 1.2248629 .5523 .268 

CONTAMINANT CONCKNTtUTIONS (Cont.) 
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StUtple 
Analyte Number 

-------------------- -------- 
B 5051: 

539K 
544K 
557K 
561K 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
309 
443 
444 
445 
447 
448 
499 
501 
503 

COHTAMINANT CONCKNTRATIONS (Cont.1 

Sanrple Matrix 
--------_-----__-_ 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llvor 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

-- 

Reoult 
lppm Dry Wt.1 

--------------- 
3.2294333 
10.7 
2.5063905 
2.190585 
6.292 
5.269 
2.257 
1.4578097 
.9096 
1.208 
2.1184919 
2.1728007 
2.0345601 
4.9685817 
3.0070995 
3.7414722 
2.0030341 
.9977550 
3.634 
1.978 
1.0529623 
1.8774686 
.928 
.5986 
1.579 
1.343 
4.9102334 
3.633 
1.5601436 
2.601 
1.244 
1.683 
.9573609 
.7354 

c .40e3 

Detection Limit 
(ppn Dry Wt.) 
-------------- 

.9026500 
1.073 
.6819013 
.7221207 
.8039 
.4798 
.470 
.7333932 
.4854 
.4026 
1.2091562 
.6180431 
.7535907 
1.8213645 
2.2805206 
I .s490205 
.5547576 
.5709946 
-4912 
.497 
.5125673 
.7935368 
.4912 
.496 
.4045 
.495 
2.2087074 
.496 
.9151706 
.49!5 
.4836 
.5 
.6781867 
.4931 
.40e3 

Result 
tppm Wet Wt.) 

-------------_- 

.7066 
2.75418 
.5404 
.4793 
1 .I344476 
1.2129238 
.4633621 
.3240 
.1620104 
.2647936 
.472 
.4841 
.4533 
1.107 
.e404 
.0336 
.4641 
.2223 
.0438148 
.3944132 
.2346 
.4183 
.232 
.1540578 
-3746967 
.2629594 
1.094 
.9097032 
.3476 
.5810634 
.319700 
.3773266 
.2133 
.1757606 

c .1039591 

Detection Limit 
lppm Wet Wt.) 
---------mm-__ 

.1975 

.2761902 

.I492 

.158 

.1449432 

.11045 

.0981334 

.1634 

.0868866 

.I057859 

.2694 

.1377 

.1679 

.4058 

.5081 

.3453 

.1236 

.129 

.1140566 

.0991018 

.1142 

.1768 

.1228 

.1283152 

.1149719 

.096921 

.4921 

.1241984 

.2039 

.110583 

.1242052 

.1121 

.1511 

.1170509 

.1039591 



Catalog: 8610011 

S6nqJlo 
Analyte Number 

-_m-_--------------- ------- 
B 504 

505 
539 
544 
557 
561 
A10 
A10 
Al 
NO 
A21 
A22 
A23 
A25 
A26 
A3 
A32 
A38 
A5 
A0 
A9 

303K 
355K 
443K 
444K 
447K 
499K 
505K 
539K 
544K 
557K 
561K 
240 
242 

Lab Name: RTI 23-Jun-94 Purchase Order: PACF-3-0023 Page: 7 

CONTAMINANT CONCRWI’RATIONS (Cont.) 

Reeul t Detection Limit 'Result Detection Limit 
Smle Matrix (pm Dry Wt.1 (m Dry Wt.1 (ppm wet Wt.) lppm Wet Wt.) 

-_______-__-_------- ---------------- -------------- s___------------ _----__------- 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Liver 
Liver 

1.622 .4902 .3010432 .0909011 
3.291 .4017 .6624783 .0969662 
.9708 ,499 .2082366 .1070355 
3.990 .5669 .737631 .1045931 
2.687 .4921 .4895714 .0896606 
2.662 .495 .4717064 .007714 

c .0891302 .8891302 c .1981 .1981 
1.1109408 .5368043 .2493 .1196 
.69 .4854 .171327 .1205248 
1.3604129 .5022442 .3031 .1119 

-z .495 .495 c .117117 .117117 
3.149 .4803 .664439 .I030313 
l.OB .499 .262008 .1210574 
1.2550340 .7360062 .279e .164 
.742 .4912 .I694728 .1121901 
.6039 .4921 .2133084 .153486 
1.4201077 .8631059 .3164 .1923 

c .7396768 .7396768 c .1648 .1648 
1.0372531 ‘6476661 .2311 .I443 

c .5996409 .5996409 < .1336 .1336 
1.3105925 .0276481 .292 .1044 

c 1.6558501 1.6558501 
c 1.0758604 1.0750684 
c .7161792 .7161792 
c .7024497 .7824497 
c .9351005 .9351005 
< 1.2240629 1.2240629 
c .9026508 .9026500 
c 1.073 1.073 
c .6819013 .6019013 
c .7221207 .7221207 
c .eo39 .8039 
c .4790 .4790 
< .470 .470 

c .3623 .3623 
c .2354 .2354 
e .1567 .I567 
c .1712 .1712 
e .2046 .2046 
c .260 .268 
c .1975 .1975 
c .2761902 .2761902 
c .1492 .1492 
< .158 .158 
c .1449432 * 1449432 
* .11045 .11045 
c .0981334 .0901334 



Catalog: 8610011 

Analyte 
---------------_---- 
Ba 

Sample 
Number 

------- 
244 
245 
261 
265 
266 
271 
272 
275 
300B 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 
444 
445 
441 
440 
499 
501 
503 
504 
505 
539 
544 
557 
561 
A10 

Lab Name: RTI 23-Jun-94 Purchase Order: PAW-3-0023 Page: 8 

Result Detection Limit Rem1 t Detection Limlt 
Sanrple Matrix (ppn Dry Wt.) f~pn Dry Wt.) lppm Wet Wt.) lpprn Wet Wt.1 

-------------------- ---------------- -------------- ---------------- -----_________ 
Liver < .7333932 .7333932 < .1634 .1634 
Liver c .4854 .4854 < .086111166 .0868866 
Liver e .4026 .4826 -z .1057859 .1057859 
Liver < 1.2091562 1.2091562 < .2694 .2694 
Liver < .6180431 .6180431 < .1377 .1377 
Liver =z .7535907 .7535907 .c .1679 .1679 
Liver 2.1521544 1.8213645 .4795 .4058 
Liver < 2.2805206 2.2805206 < .5081 .5081 
Liver < 1.5498205 1.5490205 c .3453 .3453 
Liver < .5547576 .5547576 < .1236 .1236 
Liver < .5709946 .5789946 c .129 .129 
Liver < .4912 .4912 < .1140566 .1140566 
Liver < .497 .497 < .0991018 .0991OlB 
Liver < .5125673 .5125673 .z .1142 .1142 
Liver c .7935368 .7935368 < .1768 .1768 
Liver e .4912 .4912 < .122B .1228 
Llvor 4 .z .496 .496 < .1283152 .1283152 
Liver < .I045 .4845 < .1149719 .1149719 
Liver x .495 .4911 c .096921 .096921 
Liver < 2.2087074 2.2087074 c .4921 .4921 
Liver < .496 .496 < .1241984 .1241984 
Liver < .9151706 .9151706 < .2039 .2039 
Liver -z .495 .49s < .110583 .110583 
Liver .T .4036 .4836 < .1242852 .1242852 
Liver c . 5 .5 c .I121 .1121 
Liver c .6781867 .6781867 ( .1511 .1511 
Liver < .4931 .4931 < .1178509 .1178509 
Liver < .4883 .4883 < .1039591 .1039591 
Liver -z .4902 .4902 < .0909811 .0909all 
Liver e .4017 .4817 < .0969662 .0969662 
Liver < .499 .499 e .1070355 .1070355 
Liver < .5669 .5669 c .I045931 .1045931 
Liver x .4921 .4921 < .0896606 .0896606 
Liver c .495 .495 < .087714 .087714 
Liver c .8891382 .8891382 < .1981 .1981 

CONTAMINANT CONCENTRATIONS (Cont.) 
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CONT'AWZNANT CONCKNTRATIONS (Cont.) 

Analyte 
___--m-------------- 
Ba 

SarrplC 
Number 

------- 

A18 
A2 
A20 
Aft 
A22 
A23 
A25 
A26 
A3 
A32 
A38 
AS 
A8 
A9 

Result Detection Limit 
S-10 Matrix (ppm Dry Wt. I (ppn Dry Wt.1 

_______-__-____---_- -we----m--e----- ___-__-_------ 
Liver < .5368043 .5368043 
Liver < .4054 .4054 
Llvmr = .5022442 .5022442 
Liver < .495 .49s 
Liver < .4883 .4883 
Llvar < .499 .499 
Liver c .7360862 .7360862 
Liver < .4912 .4912 
Liver < .4921 .4921 
Liver < .8631059 .8631059 
Liver < .7396768 .7396768 
Liver * .6476661 .6476661 
Liver < .5996409 .5996409 
Liver < .8276481 .0276461 

Result 
(ppn Wet Wt.1 

______-_------ 
< .1196 
< .1205248 
c -1119 
< .117117 
< .1030313 
< .1210574 
< .164 
< .1121901 
< .153486 
< .1923 
< .1648 
< .I443 
r: -1336 
< .1044 

< .0725 
< .0471 
.f .0313 
< .0342 
< .0409 
< .0536 

.0737 
c .055238 
< .0290 
c .0316 
< .0289922 
< .0220992 
< .0196267 
< .0327 
c .0173809 
c .0211528 
< .0539 
c .0275 
< ‘0336 

.3513 

Detection Limit 
(ppn Wet Wt.1 
--_----_--_--- 
.1196 
.1205248 
.1119 

117117 
:1030313 
.1210574 
.164 
.1121901 
.153486 
.1923 
.1648 
.1443 
.1336 
.1844 

303K Kidney < .3313528 -3313520 
355): Kidney < .2152651 .2152651 
443K KidnCY < .143053 .143os3 
444K Kidney < .1563071 .1563071 
447K Kidney < .1869287 .1869287 
499K Kldnsy < .2449726 .2449726 
505K Kidney .3368373 .1805302 
53911. Kidney < .2146 .2146 
544K Kidney < .I361974 .1361974 
557K K:Ldney < .1444241 .I444241 
561K Kidney e .I608 .1608 
240 Liver < .096 .096 
242 Liver < .0956 .09!56 
244 Liver < .1467604 .1467684 
24s Liver c .0971 .0971 
261 Liver < .0965 .0965 
265 Liar < .241921 .241921 
266 Liver < .1234291 .1234291 
271 Liver c .1508079 .1508079 
272 Liver 1.5767504 .3644524 

.0725 

.0471 

.0313 

.0342 

.0409 

.0536 

.0395 

.055238 

.0298 

.0316 

.0289922 

.0220992 

.0196267 

.0327 

.0173809 

.0211528 

.0539 

.0275 

.0336 

.0812 
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Sarrple 
Analyte Number 

_____---_____-_--__- _-___--- 
Ba 275 

3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
309 
443 
444 
445 
447 
44% 
499 
so1 
503 
504 
505 
539 
544 
557 
561 
A10 
A10 
ti 
A20 
A21 
A22 
A23 
A25 

CONTAJ4INAJJT CONCIWTRATIONS (Cont.) 

Result Detection Limit 
Ssnple Matrix (ppn Dry Wt.1 (ppm Dry Wt.1 

-__--___-____--_____ _____------_---- -------------- 
Liver 
Liver 
Llver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llver 
Llver 
Liver 
Livrr 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

< .4560144 .4560144 
< .3101436 .3101436 
< .1100610 .1100610 
< .1157909 .1157909 
.f .0902 .0902 
-z .0994 .0994 
< .1023339 .1023339 
< .1500069 .1500069 
< .0902 .0902 
< .0992 .0992 
< .0969 .0969 
< .099 .099 
x .4416517 .4416517 
c .0992 .0992 
.t .1031239 .1031239 
< .099 .099 
< .0967 .0967 
< . 1 .l 
< .1355476 .I355476 
< .0906 .0906 
< .0977 .0977 
< .09a .090 
< .0963 .0963 
< .0990 .0990 
= .1134 .1134 
< .0904 .0904 
c .099 .099 
< .1777379 .1777379 
< .1072711 .1072711 
c .0971 .0971 
< .1005306 .1005306 
< .099 -099 
< .0977 .0977 
< .0990 .099e 
< .I472172 .1472172 

.Result Detection Limit 
(ppm Wet Wt.1 (ppfn Wet Wt.) 

-------___---__- -------____--_ 

< .1016 .1016 
< .0691 .0691 
.z -0247 .0247 
-c .0250 .0250 
c .022002 .022002 
.c .0190204 .0190204 
c .022a -0220 
< -0354 .0354 
.z .02455 .02455 
< .025663 .025663 
< -0229944 .0229944 
< .0193042 .0193042 
-i -0904 .0904 
c .0240397 .0240397 
.c .0400 .0400 
c .0221166 .0221166 
e .0240519 .0240519 
< .02242 .02242 
.z .0302 .0302 
< .0235654 .0235654 
< .0200003 .0200003 
< .0101000 .0101000 
< .0193052 .0193052 
.z .0214071 .0214071 
c .0209223 .0209223 
< .0179205 .0179205 
< .0175420 .0175420 
< .0396 .0396 
c .0239 .0239 
=z .0241099 .0241099 
< .0224 .0224 
c .0234234 .0234234 
c .0206147 .0206147 
c .0242115 .0242115 
< .0320 .0320 
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cd 

Sanple 
Analyte Number 

-_-m-------_-_-e---- ----m--- 
80 A26 

A3 
A32 
A38 
A5 
AB 
A9 

S-10 Matrix 
__---w------------ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

-- ,- 

Result 
(ppn Dry Wt.1 

___--___------- 
-c .09%2 

.1153 
< .I720007 
< .1481149 
< .1297127 
< .1198394 
< .1656194 

Detection Limit 
(ptnn Dry Wt.) 
_-_----__----- 
.0982 
.0904 
.I720007 
.1401149 
.1297127 
.1198394 
.1656194 

303K Kidney 1.6393967 .3313526 
355K Kidney .7760512 .2152651 
443K Kidney .361!5174 .143053 
444K Kidney 1.6393967 .1563071 
447K Kidney 1.3021024 .1869287 
499K Kidney .3340951 .2449726 
505K Kidney 2.1147166 .1805302 
539K Kidney .3894 .2146 
544K Kidney 1.4364717 .1361974 
557u Kidney 1.3606033 .1444241 
5dlK Kidney 2.197 .1608 
240 Liver .1499 .096 
242 Liver < .0956 .0956 
244 Liver < .1467684 .1467684 
245 Liver .166 .0971 
261 Liver .5265 .0965 
265 Liver < .241921 .241921 
266 Liver c .1234291 .1234291 
271 Liver < .1509079 .1508079 
272 Liver 1.S29623 .3644524 
275 Liver c .4560144 .4560144 
3008 Liver < .3101436 .3101436 
301 Liver .1315091 .1108618 
302 Liver .1319569 .1157999 
303 Liver .442S .0982 
321 Liver c .0994 .0994 
322 Liver ( .1023339 .1023339 

COKlWffNANT CONCENTRATIONS (Cont.) 

-- 

Result 
(ppm Wet Wt.) 

--_---m------- 

< .0224299 
.03$9621 

c .0385 
c .033 
c .0289 
< .0267 
< .0369 

.3597 

.1698 

.0791 

.3587 

.2049 

.0731 

.4627 

.1002316 

.3143 

.2977 

.3961191 

.0342538 
c .0196267 
c .0327 

.029714 

.1154088 
< .0539 
e .0275 
.z .0336 

.3400 
c .1016 
c .0691 

.0293 

.0294 

.1027485 
< .0199204 
x .0220 

Detection Limit 
(ppm Wet Wt.) 
__---_--_-__-- 
.0224209 
.030691 
.0385 
.033 
.0289 
.0267 
.0369 

.0725 

.0471 

.0313 

.0342 

.0409 

.0536 

.0395 

.055238 

.0298 
SO316 
.0289922 
.0220992 
.0196267 
.0327 
.0173909 
.0211528 
.0539 
.0275 
.0336 
.0812 
.1016 
.0691 
.0247 
.0258 
.022902 
.0199204 
.0228 
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CONTAMINANT CONCENTRATIONS (Cont.) 

Sanwle 
Analyte tier 

-------------------- -------- 
cd 324 

354 
355 
360 
361 
389 
443 
444 
445 
447 
440 
499 
501 
503 
504 
505 
539 
544 
s57 
561 
Al0 
A18 
N 
NO 
Nl 
A22 
N3 
NS 
N6 
A3 
A32 
A38 
A5 
A8 
A9 

Result 
Sample Matrix fppn Dry Wt.) 

-----------m-------- _______________ 
Liver < .1588869 
Liver .1991 
Liver .168 
Liver .2378 
Liver .1076 
Liver < .4416517 
Liver .177 
Liver .3254039 
Liver .4044 
Liver .2262 
Liver .1473 
Liver c .1355476 
Liver .2034 
Llver * 3593 
Liver .2441 
Liver .3905 
Liver 4 .0998 
Liver .4377 
Liver .384 
Liver .3006 
Liver < .1777379 
Liver .4452424 
Liver .3283 
Liver .3339318 
Liver .3416 
Liver .3905 
Liver .525 
Liver .!5704668 
Liver .1747 
Liver 1.098 
Liver < .1728007 
Liver < .I401149 
Liver 2.2549372 
Liver .41202t37 
Liver .1656194 

,- 

Detection Limit Result Detection Limit 
(ppm Dry Wt.1 (ppm Wet Wt. 1 tppin Wet Wt.1 
____---------- ---------------- -----_------_- 

.1588869 

.0982 

.0992 

.0969 

.099 

.I416517 

.0992 

.1831239 

.099 

.0967 

.l 

.1355476 

.0986 

.0977 

.090 

.0963 

.0998 

.1134 

.0984 

.099 

.1777379 

.1072711 

.0971 

.1005386 

.099 

.0977 

.0998 

.1472172 

.0982 

.0904 

.1728007 

.1481149 

.1297127 

.1198384 

.1656194 

c .0354 .0354 
.049775 .02455 
.0434616 .025663 
.0564299 .0229944 
.0210681 .0193842 

c .0904 .0984 
.0443208 .0240397 
.0725 .0408 
.108215 .0221166 
.0581334 .0248519 
.0330247 .02242 

< .0301 .0302 
.0486126 .0235654 
.076495 .0208003 
.045305 .018166a 
.0706077 .0193852 

< .0214071 .0214071 
.0007557 .0209223 
.0699648 .0179285 
.0532663 .0175428 

c .0396 .0396 
.a992 .0239 
.0815169 .0241099 
.0744 .0224 
.0808226 .0234234 
.oe23955 .0206147 
.127365 .024illS 
.1271 .0328 
.0399015 .0224289 
.3424662 .030691 

c -0385 .0385 
< .033 .033 

.5024 .0289 

.091a .0267 

.0369 .0369 
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Sample 
Analyte Number 

-____-__-_---__--_-- _-mm---- 
Cr 303K 

355K 
443K 
444K 
447K 

. 499K 
50511 
S39f 
54411 
55711 
56111 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 

COWrAllINANT CONCKNTRATfONS (Cont. ) 

Sample Matrix 
--_--_-------_---_- 
Kidney 
Ridney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Kldney 
Liver 
Liver 
Liver 
Llvsr 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llvor 
Liver 
Llver 
Liver 

,-- 

Result 
(pm Dry Wt.1 

____-_-------- 

< 1.6558501 
< I.0758684 
< .7161792 
e .7024497 
< .9351005 
< 1.2248629 
< .9026508 

1.494 
< .6819013 
< .7221207 

.8736 

.7437 
< ,470 
c .7333932 

.4877 

.6691 
e 1.2091562 
< .6180431 
< .7535907 

2.0704668 
< 2.2805206 
< 1.5490205 
< .5547576 
< .5789946 

.562 
-5647 

< .5125673 
c .7935368 

.6274 
< .496 
e .484S 

.5689 
< 2.2087074 

.5739 

Detection Limit Result 
(pm Dry Wt.1 (ppn Wet Wt.) 
---_---------- -^----e-------- 

1.6558501 c .3623 
1.0758684 < 02354 
.7161792 < .1567 
.7024497 < .1712 
.9351005 .z .2046 
1.2248629 < .268 
.9026508 4 .1975 
1.073 .3845556 
.6819013 < .1492 
.7221207 c .158 
.a039 .1575101 
.4790 .1711997 
.478 < .0901334 
.7333932 < .1634 
.4854 .0872983 
.4826 .1466667 
1.2091562 < .2694 
.6180431 c ..I377 
.7535907 .z .1679 
1.6213645 .I613 
2.2805206 < .SOEll 
1.5490205 < .3453 
.5547576 < .1236 
.5709946 c .129 
.4912 .1304964 
.497 .1126012 
,5125673 < .1142 
.7935368 < .1768 
.4912 .15605 
.496 < -1283152 
.404s c .1149719 
.49f .1113906 
2.2007074 < .4921 
,496 .1437046 

Detection Limit 
fppm Wet Wt.) 
_-_ee---_m_m_- 

.3623 

.2354 

.1567 

.1712 

.2046 

.268 

.1975 

.2761902 

.1492 

.158 

.1449432 

.11045 

.0981334 

.1634 

.0868666 

.1057859 

.2694 

.1377 

.1679 

.4050 

.5081 

.3453 

.1236 

.129 

.1140566 

.0991018 

.1142 

.1768 

.1228 

.1283152 

.1149719 

.096921 

.4921 

.1241904 
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Ss.tqile 
Analyte Number 

--______---_-__-_-__ __c----- 
Cr 444 

445 
447 
440 
499 
501 
503 
504 
505 
539 
544 
557 
561 
Al0 
A18 
A2 
A20 
Nl 
N2 
A23 
A25 
A26 
A3 
A32 
A38 
A5 
A8 
A9 

Sample Matrix 
------------------ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 4 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Result 
lppm Dry Wt.) 

--------------- 
< .9151706 
c .495 
.t .4836 

.6015 
< .6761067 

.5106 
c .4003 
< .4902 
< .4017 

.5024 
< .5669 

.9651 
< .495 

1.5192998 
< .5368043 
< .4054 
< .5022442 

.5423 
.c .4683 

.6354 
c .7360662 
< .4911 

.5914 
-z .6631059 
< .7396768 
< .6476661 
< .5996409 
.z .0276401 

Detection Limit Rasult Detection Limit 

.- 
(ppm Dry Wt.1 
--.-------_--- 
.9151706 
.495 
.4836 
.5 
.6781667 
.4931 
.4663 
.4902 
.4617 
.499 
.5669 
.4921 
.495 
.8891382 
.5366043 
.4054 
.5021441 
.49!i 
.4663 
.499 
.7360662 
.4912 
.4921 
.B631059 
.7396768 
.6476661 
.5996409 
.6276461 

ippm Wet Wt.1 (ppm Wet Wt.1 
__-------------- -c------------ 
e .2039 
< .110563 
< .1242852 

.1348563 
< .lSll 

.I220812 
< .1039591 
< .0909811 
c .0969662 

.1249240 
c .1045931 

.1756412 
< .087714 

.3365 
< .1196 
< .1105248 
c ,111) 

.1283082 
=z .I030313 

.I54140 
< .164 
< .1121901 

.1844577 
< .1923 
< .1648 
< .1443 
< .I336 
< .I644 

.2039 

.110583 

.1242852 

.1121 

.I511 

.I176509 

.1039591 

.0909811 

.0969662 

.1070355 

.I045931 

.0896606 

.067714 

.I961 

.1196 

.1205248 

.1119 

.117117 

.I030313 

.I210574 

.164 

.1121901 
153486 

:1923 
.1648 
.1443 
. 1336 
.1844 

cu 303K Kidney 5.6170018 1.6556501 1.229 .3623 
355K Kidney 4.6435101 1.0756684 1.016 .2354 
443K Aidni3Y 3.3532907 .7161792 .7337 .1567 
444K Kidney 5.6500914 .7024497 1.26 .1712 
447K Kidney 5.0868373 .9351005 1.113 .2046 
499x Kidney 6.3436929 1.2248629 1.368 .266 

CONTAMINANT CONCKNTRATIONS (Cont.1 
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Saaple 
Analyte Number 

-------------------- -------a 
cu SOSK 

539K 
544K 
557K 
561K 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
301 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 
444 
445 
447 
440 
499 
501 
503 

CONTAMINANT CONCENTRATIONS (C0nt.j 

Result Detection Limit 
Sample Matrix (pm Dry Wt.1 (ppm Dry Wt.) 

___-____-_--_____-_- _-_-_-s--------- ------e-w----- 
Kidney 5.9597006 
Kidney 6.426 
Kidney 6.0203364 
Kidney 17.1617916 
Kidney 24.43 
Liver 10.14 
Liver 20 
Liver 0.6445242 
Liver 25.61 
Liver 25.91 
Liver 40.3042011 
Liver 23.3303411 
Liver 40.7801500 
Liver 35.8168761 
Liver 69.524137 
Liver 34.2549372 
Liver 5.9074327 
Liver 43.016150 
Liver 49.19 
Liver 49.77 
Liver 34.6499102 
Liver 46.3195691 
Liver 31.06 
Liver 38.39 
Liver 41.41 
Liver 41.47 
Liver 60.7611200 
Liver 49.2 
Liver 50.8976661 
Liver 37.37 
Liver 53.76 
Liver 36.05 
tlvar 30.901149 
Livmr 30.13 
Liver 24.79 

.9026508 
1.073 
.6019013 
.7221207 
.0039 
.4790 
.478 
.7333932 
.4054 
.4026 
1.2091562 
-6100431 
.7535907 
1.0213645 
2.2005206 
1.5490205 
.5547576 
.5709946 
.4912 
.497 
.5125673 
.7935360 
.4912 
.496 
.4045 
.495 
2.2007074 
.496 
.9151706 
.495 
.4036 

::701067 
.4931 
.4ee3 

Result 
lppm Wet Wt.) 
_-----m-e----- 

1.304 
1.6540524 
1.319 
3.755 
4.404729 
2.334220 
4.106 
1.926 
4.58419 
5.679472 
10.70 
5.190 
10.07 
7.90 
15.49 
7.632 
1.334 
9.584 
11.421910 
9.924130 
7.72 
10.32 
7.765 
9.931493 
9 .a26593 
0.315626 
15.32 
12.31960 
11.34 
0.340450 
13.01632 
0.26177 
0.605 
9.11307 
5.277791 

Detection Limit 
lppm Wet Wt.) 
___---_-_____- 

.1975 

.2761902 

.1492 

.150 

.144902 

.11045 

.0981334 

.1634 

.0868866 

.1057859 

.2694 

.1377 

.1679 

.4050 

.5001 

.3453 

.1236 

.129 

.1140566 ' 

.0991018 

.I142 

.1760 
-1220 
.I203152 
.I149719 
.096921 
.4921 
.I241904 
.2039 
.11ose3 
.1242052 
.1121 
.lSll 
.I178509 
,I039591 

I I. 
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Sarrgle 
Analyte Number 

_-_---------^------- __------ 

cu 504 
505 
539 
544 
557 
561 
A10 
A10 
A2 
A20 
Nl 
A22 
N3 
A25 
A26 
A3 
A32 
N0 
AS 
A0 
A9 

Sample Hatrix 
--------------- 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Reeul t Detection Limit 
lppn Dry Wt.1 (ppm Dry Wt. 1 
_----_--_------ ------------mm 

40.56 .4902 
27.51 .4017 
36.66 .499 
45.51 .5669 
66.5 .4921 
26.05 .495 
61.0043oe0 .a091302 
39.7000710 .5360043 
26.23 .4054 
94.4344704 .5022442 
53.76 .495 
11.60 .4003 
21.92 .499 
4e.510051 .7360062 
50.40 .4911 
63.54 .4921 
104.443447 .0631059 
76.7504400 .7396760 
61.5790923 .6476661 
22.4020467 .5996409 
13.2495512 .02764ei 

Result 
(ppln wet wt.1 
------------- 
7.527936 
5.537763 
7.06357 
0.396595 
12.1163 
4.75702 
13.77 
0.063 
6.512909 
21.04 
12.719616 
2.46440 
5.317792 
10.01 
11.529632 
19.010126 
23.27 
17.1 
13.71 
5.009 
2.952 

-- 

Detection Limit 
(ppm Wet Wt.) 
--mem______-__ 

.0909811 

.0969662 

.I070355 

.1045931 

.0096606 

.007714 

.19a1 

.1196 

.I205240 

.1119 

.I17117 

.1030313 

.1210574 

.I64 

.1121901 

.153406 

.1923 

.I640 

.1443 

.1336 

.I044 

?e 303K Kidney 2201.0960921 33.11003 401.6 7.2464 
355K Kidney 1060.5557507 21.5370245 233.8 4.7001 
443K Kidney 1000 14.327239s 210.0 3.1340 
444K Kidney 1040.4460695 15.6521930 229.4 3.4247 
447K Kidney 1354.6617916 10.7006399 296.4 4.0917 
499K Kidney 090.3107061 24.4931444 194.0 5.3591 
SOSK Kidney 2963.0939671 10.0502742 640.5 3.9494 
539K Kidney 1423 21.4592 366.2002 5.5235901 
544K Kidney 1257.7696527 13.6340263 275.2 2.9033 
557u Kidney 1417.2760512 14.4451554 310.1 3.1606 
561K Kidney 1206 16.0772 231.0650 2.0987192 
240 Liver 955.1 9.5969 219.06402 2 -2092064 
242 Liver 1091 9.5602 300.2223 1.9627091 

CONTAMINANT CONCl??irRATIONS (Cont.) 
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Sanplfi 
Analyte Number 

___--------^----_-__ w-_---s- 
Ia 244 

14s 
261 
265 
266 
271 
272 
175 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
362 
389 
443 
444 
445 
447 
440 
499 
501 
503 
504 
505 
539 
544 
557 
561 
A10 
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CONTAMINANT CONCeVTRATtONS (Cont.) 

S-10 Natrix 
---------------- 

Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llver 
Liver 
Llver 
Liver 
Llver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

---- - 

Result 
lppm Dry Wt.) 
_--------e-e-- 

195e.2585278 
2487 
1596 
1650.8078995 
892.2800718 
697.486535 
693.8958707 
376.7055655 
1903.0520646 
921.9030521 
2248.6535009 
1905 
2355 
2273.3393178 
2171.9030521 
2277 
1929 
2260 
1449 
460.05386 
2067 
3153.9497301 
20so 
1933 
3234 
877.4685817 
3192 
2792 
3535 
4143 
1922 
3568 
2598 
2204 
548.9220007 

Detection Limit Result Detection Limit 
(ppm Dry Wt.) lppm Wet Wt.1 lppm Wet Wt.) 
________--_--- -----se--------- --_-----__-_-_ 
14.6678636 436.3 3.268 
9.7087 445.173 1.7378573 
9.6525 349.0432 2.115828 
24.182675 367.8 5.3879 
12.3577199 190.8 2.7533 
15.0718133 155.4 3.358 
36.4313285 154.6 8.1169 
45.6131059 83.93 10.1626 
30.9968582 424 6.9061 
11.0967433 205.4 2.4728 
11.5798923 501 2.58 
9.8232 442.341 2.280947 
9.9404 469.587 1.9821158 
10.247307 506.5 2.2831 
15.0711849 403.9 3.5361 
9.8232 569.25 2.4558 
9.9206 499.0323 2.5664592 
9.6899 541.044 2.2994133 
9.901 283.7142 1.9386158 
44.1763914 102.5 9.8425 
9.9206 517.5760 2.4841182 
18.3047576 702.7 4.0703 
9.901 457.97 2.2118834 
9.6712 496.701 2.4054904 
10 725.0628 2.242 
13.5682226 195.5 3.023 
9.8619 762.888 2.3569941 
9.7656 594.4168 2.0790962 
9.8039 656.096 1.8196038 
9.6339 833.9859 1.9393041 
9.90 412.269 2.14071 
11.3379 658.296 2.0910426 
9.0425 473.3556 1.7933035 
9.901 390.5488 1.7544572 
17.7027648 122.3 3.962 
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w 303K Kidney 
355K Kidney 
4431 Kidney 
444K Kldney 
447K Kidney 
499K Kidney 
505K Kidney 
539K Kidney 
S44K Kidney 
55711 Kidney 
S61K Kidney 
240 Liver 
242 Liver 
244 Liver 
245 Liver 
261 Liver 
265 iiver 
266 Liver 
271 Liver 
272 Liver 

s-10 
Analyte Number 

_mmm-----------a---- _-m-e-- 
?O Al0 

A2 
A20 
A21 
A22 
A23 
A2s 
A26 
A3 
A32 
A30 
A5 
A0 
A9 

CONTAMINANT CONCKNTRATIONS (Cont.) 

Reeul t Detection Limit Result Detection Limit 
Sample Matrix Ippn Dry Wt.) (mm Dry Wt.) (ppm Wet Wt.) (ppm Wet Wt.) 

________-__--------- ---------------- ____-___------ ---------------- -----------___ 

Liver 3235.1005099 10.7374327 720.0 2.3923 
Liver 1407 9.7007 349.3se1 2.4106702 
Liver 2723.967604 10.0453321 606.9 2.2301 
Liver 1494 9.901 353.4004 2.3425766 
Liver 2205 9.7656 465.255 2.0605416 
Liver 2153 9.98 522.3170 2.421140 
Liver 2079.2639130 14.7253142 641.5 3.2000 
Liver 1934 9.0232 441.7256 2.2436109 
Liver 1421 9.0425 443.2099 3.0690750 
Liver 1465.0006094 17.2630162 326.6 3.0462 
Liver 1039.497307 14.7935360 231.6 3.296 
Liver 2714.0933573 12.956912 604.7 2.0060 
Liver 2115.3500090 11.994614 471.3 2.6724 
Liver 1309.6947935 16.5490205 291.0 3.6073 

c .249543 

4 < .1070611 
-z .071755 

.1759590 

.1600775 
.z .1732176 

.1113174 

.2017 

.3994516 

.2097806 
< .1577 

.1207 

.1319 

.2094973 

.2403 

.1766 

.32495Sl 

.2420107 

.1503591 

.315970S 

.249543 < .0546 .0546 

.1070611 < .0236 .0236 

.071755 -z .0157 .0157 

.0701536 .0305 .0171 

.0936929 .0352 .02os 

.1732176 < .0379 .0379 

.0904936 .0244 .0190 

.1706 .0519176 .0439124 

.0680907 .Q074 .0149 

.0722121 .0459 .0150 

.1577 -t .0204333 .0204333 

.096 .0296267 .0220992 

.0954 .0270791 .0195056 

.0731598 .0645 .0163 

.09se .0430137 .0171402 

.0965 .0307107 .0211520 

.1202873 .0724 .0260 

.061939 .os41 .0130 

.0754039 .0335 .0168 

.2549372 .0704 .0568 



Catalog: 0610011 

sample 
Number 

_--e--e 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
309 
443 
444 
445 
447 
440 
499 
501 
503 
so4 
SOS 
539 
544 
557 
561 
Al0 
A10 
A2 
A20 
A21 
h22 
A23 
AZ5 
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COKPMIINANT CONCI!NTMTIONS (Cont.1 

Sample Matrix 
-------_-------- 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Ltver 
Llver 
Liver 

Result Detection Limit Result 
tp$xn Dry Wt.) lppn Dry Wt.) (pm Wet Wt.) 

--------__------ ---------___-_ -------------- 
c .2054570 .2054570 < .0636 

.21ei329 .1912029 .04116 

.2010772 .0556553 .0440 

.6566427 .057099s -1463 

.1626 .0970 .0377557 

.179 .0977 .0356926 

.1220826 .051161 .0272 

.3307899 .0794434 .0737 

.1321 .0906 .033025 

.ie3 .0992 .0473421 

.1574 .0965 .037351 

.2444 .0970 .0470535 

.4335727 .2935368 .0966 

.1006 .0994 .0251902 

.2737002 .0915619 -061 

.2591 .099 .0570029 

.1295 .0992 .033281S 

.i4ei .099 .033204 

.0902944 .0677730 .0219 

.1461 .0971 .0349179 

.3001 ,097s .0630913 

.2097 .090 .0537683 

.3635 .0971 .0731726 
-5693 .0996 .1221149 
.5067 .0973 .1082462 
.2164 ,099 .0394201 
.1094 ,090 .0193057 
.2099461 .1279174 .0646 
.9447935 .05306 .2105 
.3301 .0954 .0019630 
.2194794 .0502693 .0489 
.16 .090 .037856 
.1627 .0996 .0343297 
.1347 .0996 .0326702 
.3110413 .0736006 .0693 

-- 

Detection Limit 
tppm Wet Wt.) 
------m---_--e 
.0636 
.0426 
.0124 
.0129 
.0227092 
.0194014 
.0114 
.0177 
.02465 
.025663 
.0220995 
.0191492 
.0654 
.0248090 
.0204 
.0221166 
.0254944 
.0221958 
.0151 
.0232069 
.0207570 
.oieieee 
.0195462 
.0213642 
.0179519 
.0180370 
,0173656 
.0205 
.012 
.0236078 
.0112 
.0231068 
.0210156 
.024163 
.0164 
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COKTAHINANT CONCENTRATIONS (Cont.) 

Sample 
Analyte Number 

-------m----___-__-- ----_--- 

ml A26 
A3 
A32 
A38 
A5 
he 
A9 

Result Detection Limit 

---- - 
Smle Hatrix 

___--___________ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

(ppn Dry Wt.1 tppm Dry Wt.) 
--------------- -------------- 

.4707 .0992 

.3347 .0967 

.1230779 .0061759 

.3105925 .0740575 

.2410233 .064632 

.2360062 .0601436 

.1651706 .1265709 

Result Detection Limit 
ippn wet wt.1 Ippm Wet Wt.) 
-___----------- -------------_ 

.1093351 :0226573 

.1043929 .0301607 

.0276 .0192 

.0692 .0165 

.0537 .0144 

.0526 .0134 

.0360 .0202 

303K Kidney 001.6453302 33.iit303 175.4 7.2464 
355K Kidney 500.6654479 21.5170245 120.0 I.7081 
443K Kidney 554.3075606 14.3272395 121.3 3.1348 
444K Kidney 696.5265082 15.6S21930 152.4 3.4247 
447K Kidney 683.2723949 10.7006399 149.5 4.0917 
499K Kidney 765.9963437 24.4931444 167.6 5.3591 
SOSK Kidney 760.511003 10.0502742 166.4 3.9494 
539K Kidney 764.5 21.4592 196.7023 5.5235901 
544K Kidney 465.7221207 13.6340263 101.9 2.9033 
557K Kidney SS9.8720293 14.44s1554 122.5 3.1606 
56lK Kidney 633.5 16.0772 114.22OOS 2.8907192 
240 Liver 69E 9.5969 160.6796 2.2092064 
242 Liver 565.5 9.5602 116.09715 1.9627091 
244 Liver 770.2764011 14.6670636 173.4 3.260 
245 Liver 771.7 9.7007 130.1343 i .7370573 
261 Liver 778.9 9.6525 170.73400 2.115020 
265 Liver 071.6337522 24.102675 194.2 5.3079 
266 Liver 690.0330341 12.3577199 155.7 2.7533 
271 Liver 099.9102334 15.07iei33 200.5 3.350 
272 Liver 1219.9201067 36.4313205 271.0 0.1169 
275 Liver 1153.5000977 45.6131059 257 10.1626 
3008 Liver 945.6912029 30.9960502 210.7 6.9061 
301 Liver 974.4165171 11.0907433 217.1 2.4720 
302 Liver 675.0440033 ii.5790923 150.4 2.50 
303 Liver 742 9.0232 172.2924 2.200947 
321 Liver 664 9.9404 132.4016 1.9821150 
322 Liver 761.2200259 10.247307 169.6 2.2031 
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Sample 
hnelyte Humber 

---------e---------- ------- 

no 324 
354 
355 
360 
361 
309 
443 
444 
44s 
447 
440 
499 
so1 
503 
504 
505 
539 
544 
557 
561 
Al0 
A10 
A2 
NO 
A21 
k22 
A23 
A25 
N6 
N 
N2 
NB 
A!! 
A8 
A9 

CONThNINhNT CONCltNTRhT~ONS (Cont.) 

Ssnpls Matrix 
_-------_----------- - 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llver 
Liver 
Liver 
Llver 
Liver 
Llvar 
Liver 
Liver 
Llver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Result 
(ppn Dry Wt.1 
__------------ 

050.6175943 
673.2 
641.2 
724.0 
747.7 
975.3141931 
649.5 
603.1230779 
556.6 
s70.1 
657.1 
736.535009 
760.7 
592.3 
506.7 
602.0 
e11.4 
507.9 
617 
556.1 
613.5547576 
599.6409336 
519.2 
866.6965009 
559.9 
533.3 
720 
760.7719920 
670.4 
619.6 
727.5583403 
540.0251346 
750.0709946 
610.8617594 
600.6175943 

- 

Detection Limit 
(ppm Dry Wt.) 
__------------ 
i5.07iieb9 
9.0232 
9.9206 
9.6899 
9.901 
44.1763914 
9.9206 
10.3047576 
9.901 
9.6712 
10 
13.5602226 
9.0619 
9.7656 
9.8039 
9.6339 
9.90 
11.3379 
9.0425 
9.901 
17.7027640 
10.7374327 
9.7007 
10.04S3321 
9.901 
9.7656 
9.90 
14.7253142 
9.0232 
9.0425 
17.2630162 
14.7935360 
12.956912 
11.994614 
16.5490205 

,- 

.Result 
(ppm Wet Wt.) 
__--_--------- 

191.3 
160.3 
165.07044 
171.99504 
146.39966 
217.3 
162.6340 
152.2 
124.34444 
146.5157 
147.32102 
164.1 
103.7193 
126.10067 
108.89152 
121.34364 
174.0453 
100.46755 
112.4174 
90.54092 
136.7 
133.6 
120.91736 
193.1 
132.47234 
112.5263 
176.6120 
169.5 
154.94656 
193.25324 
162.1 
122.1 
160.9 
136.1 
135.6 

Detection Limit 
lppm Wet Wt.) 
___-__-____--- 
3.5361 
2.4550 
2.5664592 
2.2994133 
1.9306150 
9.0425 
2.4041102 
4.0703 
2.2110034 
2.4054904 
2.242 
3.023 
2.3569941 
2.0790962 
i.ei96030 
1.9393041 
2.14071 
2.0918426 
1.7933035 
1.7544572 
3.962 
2.3923 
2.4106702 
2.2301 
2.3425766 
2.0605416 
2.423140 
3.2000 
2.2436109 
3.0698750 
3.0462 
3.296 
2.0060 
2.6724 
3.6073 



Cntalogt 0610011 

sample 
hnalyte Number 

--_-_--------------- ------- 
nn 303K 

35SK 
443K 
444K 
447K 
499K 
505K 
539K 
544K 
SS7K 
561~ 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
309 
443 
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CONThIlINhNT CONCKNTRhTIDNS (Cont.1 

Result Detection Limit Result Detection Limit 
Sample Matrix (pm Dry Wt.) (p&m Dry Wt.1 (ppm Wet Wt.) lppm Wet Wt.) 

_____________--_-_-- ------^--------- -------------- -___-_-___--__-- ------------__ 
Kidney 5.1416019 1.3249543 
Kidney 2.964000 .a606033 
Kidney 3.5507313 .S731261 
Kidney 6.1151737 .6261426 
Kidney 4.7166362 .7481710 
Kidney 3.6796161 .9790903 
Kidney 3.3756056 .7221207 
Kidney 2.600 .0504 
Kidney 5.23766 .5452460 
Kidney 12.033638 .5776965 
Kidney 2.306 .6431 
Liver 3.98 .3039 
Liver 5.102 .3024 
Liver 4.5025053 .5066240 
Liver 7.909 .3003 
Liver 11.3 .3061 
Liver 3.5013465 .9672352 
Liver 2.3451526 .4941652 
Liver 5.7226212 .6027020 
Liver 0.451526 1.4573609 
Liver 10.1570916 1.0245063 
Liver 7.2531410 1.2396760 
Liver 0.6490126 .4430959 
Liver 6.2791741 .4631957 
Liver 5.201 .3929 
Liver 4.542 .3976 
Liver 4.6543986 .4097046 
Liver 6.6031239 .6346499 
Liver 6.74s .3929 
Liver 6.614 .3960 
Liver 6.216 .3076 
Liver 4.602 .396 
Liver 5.9245961 1.7670557 
Liver 7.713 .3960 

1.125 .2099 
.6407 .I003 
.7769 .1254 
1.330 .137 
1.032 .I637 
.a051 .2144 
.7306 .150' 
.6910912 .2209522 
1.146 .1193 
2.800 .1264 
.4157710 .1159509 
.916196 .0803730 
1.0474406 .0705067 
1.021 .130-l 
1.415711 .0695057 
2.47696 .0046331 
.7001 .2155 
.5225 .I101 
1.275 .1343 
1.083 .3247 
2.263 .4065 
1.616 .2762 
1.927 .0909 
1.399 .1032 
1.2262402 .0912314 
.9056740 .0792014 
1.037 .0913 
1.409 .1414 
1.60625 .090225 
1.7110410 .1026522 
1.47SO568 .0919775 
.9010716 .0775360 
1.32 .3937 
1.9313352 .0991507 
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Analyte 
--e-..--------------- 
nn 

NO 

Sample 
Number 

---m-e-- 
444 
445 
447 
440 
499 
501 
503 
504 
SOS 
539 
544 
557 
561 
A10 
A10 
A2 
A20 
A21 
A22 
h23 
A25 
A26 
N 
N2 
h30 
AS 
A8 
A9 

303K 
355K 
443X 
444u 
447K 
499K 

CONrhNxNhNT CONCmrRATIONS (Cont. 1 

-- 
S-10 Matrix 

_-----_-_-----_--_ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Reed t Detection Limit 
IDcan Dry wt.1 (ppn Dry Wt.1 

_____-__-------- ---_--_------- 

0 .I597046 .7320467 
4.5 .396 
4.531 .3060 
6.437 .4 
6.1094075 .5426391 
6.254 .394s 
5.286 .3906 
5.096 .3922 
6.336 .3054 
3.614 .3992 
3.931 .4535 
12.90 .3937 
3.075 .396 
4.6499102 .7114004 
4 .S915619 .4295332 
2.479 .3083 
5.007099s .4017056 
6.241 .396 
10.21 .3906 
9.194 .3992 
5.7540395 .5008609 
4.221 .3929 
3.04 .3937 
5.964991 .6903OS2 
5.6149013 .S915619 
4.0360043 .5104022 
14.0394973 .4798023 
9.015970s .6620207 

Kidney < 1.6558501 
Kidney < 1.0750604 
Kidney < .7161792 
Kidney < .7024497 
Kidney e .9351oos 
Kidney < 1.2248629 

Result Detection Limit 
(pm Wet Wt.1 lppfn Wet Wt.1 

.-_-------_----. ---m---_------ 

1.010 .1631 
1.00s) .0004664 
1.164467 .0994076 
1.4431754 .00960 
1.379 .1209 
1.494706 .0942055 
1.1253094 .0031587 
.9450176 .0727923 
1.2754360 .077501 
.775203 .0056204 
a7252695 .0036700 
2.364956 .0717321 
.60665 .0701712 
1.036 .1585 
1.023 .0957 
.6155357 .0964149 
1.294 .0095 
1.4766206 .0936936 
2.15431 .0824166 
2.2304644 .0960459 
1.282 .1312 
.9640764 .0097304 
.948116 .122795 
1.329 .I530 
1.251 .1318 
.a994 -1155 
3.128 .1069 
2.107 .1475 

1.6550501 < .3623 .3623 
i.0750604 < .2354 .2354 
.7161792 < .lS67 .1567 
.7024497 < .1712 .1712 
.9351005 c .2046 a2046 
1.2248629 .t .268 .260 

Page: 23 

t 
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Sample 
Analyte Number 

-___-----__--------- ---_____ 
It0 505K 

539K 
S44K 
S57K 
S6lK 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
309 
443 
444 
445 
447 
440 
499 
501 
503 
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CONTAMINANT CONCmMTIONS (Cont.) 

S-10 Matrix 
_--------______ 
Kidney 
Kidney 
Kidney 
Kidney 
Kidney 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Reeult Detection Limit Result Detection Limit 
Ippn Dry Wt.1 (ppm Dry Wt.) (ppm Wet Wt.1 lppm Wet Wt.1 

--- __-____------_-- -------------- ________----__-- --_--_------__ 

< .9026508 
< 1.073 
< .6019013 
< .7221207 
x .a039 
c .4790 
< .470 
-2 .7333932 
c .4054 

1.635 
-z 1.2091562 
c .6100431 
-z .I535907 
< 1.021364s 
.f 2.2005206 

2.1252244 
4 .6175943 

< .5709946 
.a039 
.9os9 
.8003403 
1.061939 
.7779 
.5934 
.7709 

c .495 
2.3430061 
1.058 
,9069030 

< .49s 
1.25s 
.8S16 
.7360862 
.a007 
.0404 

.9026500 < .1975 .1975 
1.073 =z .2761902 .2761902 
.6019013 c .1492 .1492 
.7221207 < .ise .150 
.a039 < .I449432 .1449432 
.4790 c .llOQS .11045 
.470 < .0901334 .0901334 
.7333932 c .1634 .1634 
.4054 < .0068066 .0060066 
.4026 .350392 .1057059 
1.2091562 c .2694 .2694 
.6100431 < .1377 .1377 
.7535907 < .I679 .1679 
1.0213645 * .4osa .4050 
2.2005206 c .soei .soel 
1 .S498205 .4735 .3453 
.5547576 .1376 .1236 
.5709946 c .129 .129 
.4912 .2052416 .1140566 
.497 .1006365 .0991010 
.5125673 .1001 .1142 
.7935368 .2366 .1760 
.4912 .194475 .I220 
.496 .1535126 .I203152 
.4045 .1029346 .I149719 
.49s e .096921 .096921 
2.2007074 .s222 .4921 
.496 .2649232 .1241904 
.9151706 .2199 .2039 
.49s < .110503 .110503 
.4836 .32253S .I242052 
.5 .1909207 .1121 
.6701067 .164 .lSll 
.4931 .1913673 .1170509 
.4003 .i709212 .1039591 
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COmAMINANT CONCiQ4TRATIONS (Cont.1 

Arlelyte 
_-m---w----------m-s 
WO 

SallQle 
Number 

----e-e- 
504 
505 
539 
544 
557 
S61 
A10 
A18 
A2 
NO 
Nl 
A22 
N3 
NS 
A26 
A3 
A32 
A38 
AS 
A8 
A9 

S~ls Hatrix 
______--_--__-_____ 

Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
tlver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llver 
Liver 
Llvsr 
Liver 
Liver 

Hi 

I 
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303K 
355K 
443u 
44411 
447f 
499K 
505K 
539x 
544x 
557K 
561K 
240 
242 

lrldtley 
Kidney 
Kldnf2Y 
Kidney 
tidney 
Kidney 
tidnty 
ltidney 
ltldney 
Kidney 
Kidney 
Liver 
Liver 

Reeult Detection Limit 
fppn Dry Wt.1 (p$xn Dry Wt.) 

-__-----_------- -------------- 

.8281 .4902 
1.216 .4BlI 

< .499 .499 
1.691 .5669 
.9316 .4921 

( .495 .495 
< .I9891382 .I3891382 

.7199282 .5368043 

.5414 .4854 
1.2420187 .5022442 
,591-l .495 
1.16 .4003 
.8899 .499 
.7899461 .7360862 
.6872 .4912 
.5069 .4921 
1.4084381 .8631059 
.8886894 .7396768 

c .6476661 .6476661 
.7720905 .5996409 

< .0276481 .a276481 

< 1.6558501 
< 1.0758684 
c .7161792 
< .7024497 
c .9351005 
c 1.2248629 

1.4794333 
< 1.073 
< .6819013 
< .7221207 
-? .8039 
< .4790 
-z .478 

1.6558501 -c .3623 .3623 
1.0758684 < .2354 .2354 
.7161792 -c .1567 .I567 
.7024497 -z .1712 .1712 
.9351005 c .2046 .2046 
1.2248629 < .268 .268 
.9026508 .3237 .1975 
1.073 c .2761902 .2761902 
.6819013 e .149a .1492 
.7221207 < .158 .158 
.a039 < .1449432 .1449432 
.4790 < .11045 .11045 
-470 < .0981334 .0981334 

Result Detection Limit 
(ppln net wt. 1 (ppm Wet Wt.1 

------__------ ---w---_---_-- 

.1536954 .0909811 

.2447809 .0969662 
c .1070355 .1070355 

.3119895 .1045931 

.1697375 .0896606 
< .007714 .081714 
< .1981 .1981 

.1604 .1196 

.1344296 .1205248 

.2769 .1119 

.140706 .117117 

.24476 -1030313 

.2158897 .1210574 

.176 .164 

.1569565 .1121901 

.1581021 .153486 

.3131 .1923 

.198 .1648 
< .1443 .I443 

.1722 .1336 
c .I044 .I044 

I. (. c ! 
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SaJ!plO 
Analyte Number 

______---___----e--e ---_---- 
Ni 244 

245 
261 
265 
266 
271 
272 
275 
300B 
301 
302 
303 
321 
322 
324 
354 
355 
360 
361 
389 
443 
444 
445 
441 
440 
499 
501 
503 
504 
SOS 
539 
544 
557 
561 
A10 

COUTA~INANT CONCRNTRATIONS (Cont.1 

Result Detection Limit Reed t Detection Limit 
Sample Matrix (ppn Dry Wt.) (ppm Dry Wt.) (ppm Wet Wt.) lppm Wet Wt.) 

____________________ ________----_--- -------------- ----------em---- ----------e--m 

Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Llver 
Liver 
Liver 
Liver 
Liver 
Liver 

< .7333932 .7333932 ( .1634 .1634 
( .4054 .4054 < .0868866 .0868866 
< .4E26 .4826 -d .1057859 .1057859 
( 1.2091562 1.2091562 < .2694 .2694 
( .6180431 .6180431 .f .1377 .137-l 
* .7535907 .7535907 < .1679 .1679 

7.7603232 1.8213645 1.729 .4050 
< 2.2805206 2.2805206 < .5081 .5081 
< 1.5498205 1.5498205 e .3453 .3453 

.77%2165 .5547516 .1734 .1236 
< .5709946 .5709946 < .129 .129 
c .4912 .4912 < .1140566 .1140566 
< .497 .497 ( .0991018 .0991018 
< .5125673 .5125673 < .1142 .1142 
-z .7935368 .7935368 < .1768 .1768 
< .49'12 .4912 c .1228 .1228 
< .496 .496 < .1283152 .1283152 
< .4045 .4045 4. .1149719 .1149719 
( .495 .495 < .096921 .096921 
.z 2.2007074 2.2007074 < .4921 .4921 

.671 .496 .1680184 .1241904 
< .9151706 .9151706 < .2039 .2039 
< .495 .495 c .110583 .110583 
< .4836 .4836 < .1242052 .1242052 
< . 5 .s c .1121 .1121 
< .6781867 .6781867 c .1511 .1511 
x .4931 .4931 ( .1178509 .I178509 
< .4883 .4ae3 < .1039591 .1039591 
c .4902 .4902 < .0909811 .0909811 
< .4817 .4817 < .0969662 .0969662 
e .499 .499 < .1070355 .1070355 
< .5669 .5669 c .1045931 .1045931 
c .4921 .4921 < .0996606 .0896606 

2.596 .495 .4600112 .087714 
< .8891382 .8891382 < -1981 .1981 
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CONTAUINANT CONCBNTRATfONS (Cont.) 

Analyte 
_-----m--------- 
Ni 

stIrp1t 
Number 

-- --me--- 
Al8 
A2 
A20 
A21 
A22 
A23 
A25 
A26 
A3 
A32 
A38 
A5 
A8 
A9 

-- 
Sample Hatrix 

-__---------__--_- 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Result 
fppn Dry wt.1 

-_------------- 

.z .5368043 
-z .4854 
< .5022442 
< -495 
-z .4883 
-x ,499 
< .7360862 
.c .4912 

.-I558 
< .8631059 
< .7396768 
< .6476661 
< .5996409 
< .0276401 

.z 1.6558501 
< 1.0758684 
< .7161792 

.a537477 
< .9351005 
< 1.2248629 

2.9346435 
< 1.073 
< .6819013 
< .7221207 
c .a039 

1.435 
< .478 
< .7333932 

1.112 
.9113 

< 1.2091562 
< .6180431 
< .7535907 

6.8267504 

Detection Limit 
fppa Dry Wt.) 
-_------------ 

.5368043 

.4854 

.5022442 

.49!5 

.4883 
,499 
.7360862 
.4912 
.4921 
.8631059 
.7396768 
.6476661 
.5996409 
.a276461 

Read t 
lppm Wet Wt.) 

---_---------- 
c -1196 
< .12OS248 
c .1119 
* .117117 
< .1030313 
< .1210574 
< .164 
-c .1121901 

.235734 
< .1923 
e .1648 
< .1443 
< .1336 
c .1844 

c .3623 
< .2354 
< .1567 

.1868 
< .2046 
< .268 

.6421 
< .2761902 
< .1492 
c .158 
e .I449432 

.330337 
< .0981334 
< .1634 

.199048 

.199757 
< .2694 
< .1377 
c .1679 

1.521 

Detection Limit 
fppm Wet Wt. I 
-------------- 

.1196 

.1205248 

.lllP 

.117117 

.1030313 

.1210574 

.164 

.1121901 

.153486 

.1923 

.1648 

.1443 

.1336 

.1844 

Pb 303K Ridney 
355K tidney 
443K Kidney 
444K Kidney 
44lK Ridnty 
499K xidnty 
505K xidnty 
539K Kidney 
544K Kidney 
557K xidnty 
561K Kidney 
240 Liver 
242 Liver 
244 Liver 
245 Liver 
261 Liver 
265 Liver 
266 Liver 
271 Liver 
272 Liver 

1.6558501 
1.0758684 - 
.7161792 
.7024497 
.9351005 
1.2248629 
.9026508 
1.073 
.6819013 
.7221207 
.a039 
.4790 
-478 
.7333932 
.4054 
.4026 
1.2091562 
.6180431 
.7535907 
1.8213645 

.3623 

.2354 

.1567 

.1712 

.2046 

.268 

.1975 

.2761902 

.1492 

.158 

.1449432 

.11045 

.0981334 

.1634 

.0868866 

.1057859 

.2694 

.1377 

.1679 

.4058 
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COKTAHINANT CONC[INTRATIONS (Cont.) 

Sample 
Analytt Number Sbnrplt Hatrix 

_____________---__-- -------- ________---_--__ 

Pb 275 Liver 
3000 Liver 
301 Liver 
302 Liver 
303 Liver 
321 Liver 
322 Liver 
324 Liver 
354 Liver 
355 Liver 
360 Llver 
361 Liver 
389 Liver 
443 Liver 
444 Liver 
445 Liver 
441 Liver 
448 Liver 
499 Liver 
501 Liver 
503 Liver 
504 Liver 
505 Liver 
539 Liver 
544 Liver 
557 Liver 
561 Liver 
A10 Liver 
A18 Liver 
N Liver 
NO Llver 
A21 Liver 
Al2 Llvar 
N3 Liver 
N5 Liver 

---- 

Result 
(pm Dty Wt.) 

-------------- 

< 2.2805206 
< 1.5498205 

.6566427 
< .5789946 

.8082 

.5144 

.5556553 
c .7935368 

1.597 
e .496 

1.732 
1.064 

< 2.2087074 
.6579 

< .9151706 
1.324 
-7072 
1.34 

< .6781067 
1.567 

< .4083 
e .4902 

2.334 
< .499 
< .5669 
c .4921 

-5034 
< .0091382 

1.5219928 
( .4854 

1.8532316 
< ,495 
e .4883 

1.259 
2.056553 

Detection Limit Reault Detection Limit 
tmn Dry Wt.) (ppm wet wt.1 (ppn Wet Wt.) 
-------------- ----------_----- -_----___-____ 

2.2805206 c .5001 .5081 
1.5498205 < .3453 .3453 
.5547576 .1463 .1236 
.5789946 c .129 .129 
.4912 .107664 .1140566 
.497 .1025714 .0991018 
.5125673 .1238 .1142 
.7935368 -z .1768 .1768 
.4912 .39925 .1228 
.496 < .1283152 1283152 
.4845 .4110036 :1149719 
.495 .2083312 .096921 
2.2007074 < .4921 .4921 
.496 .1647382 .1241984 
.9151706 e .2039 .2039 
.495 .2957016 .110583 
.4836 .1017504 .1242852 
.5 .300428 .1121 
.6701067 < .1511 .1511 
.4931 .374513 .1178509 
.4883 < .1039591 .1039591 
.4902 < .0909811 .0909811 
.4817 .4698342 .0969662 
.499 < .1070355 .1070355 
.5669 < .1045931 .1045931 
.4921 < .0896606 .0896606 
.495 .0892025 .087714 
.8891382 .c .1981 .1981 
.5368043 .3391 .1196 
.4054 < .1205248 .1205248 
.5022442 .4129 .1119 
.495 < .117117 .117117 
.4883 < .1030313 .1030313 
.499 .3054334 .1210574 
.7360862 .4582 .164 
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Anslytt 
-___---------------- 
Pb 

Sr 
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sanp1t 
Number 

-----_-- 
NC 
A3 
A32 
A38 
A5 
A0 
A9 

303x 
355R 
443x 
444R 
447K 
499x 
505K 
539x 
S44R 
557R 
561K 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
300e 
301 
302 
303 
321 
322 

CONTAMNM CONCBWFRATIONS (Cont.1 

Sample Watrix 
_--------------e---_ 

Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Kidney 3.0904936 .6622486 .6762 .1449 
Kidney 2.4908592 .4305302 .545 .0942 
Kidney 1.9616008 .2865631 .4292 .0627 
Kidney 1.8460921 .3130713 .4041 .0685 
Kidney 2.4090494 .3738574 .5271 .0818 
Kidney 4.356947 .4099452 .9533 .1072 
Khh?y 4.3066728 .3610603 .9423 .079 
Khhty 1.962 .4291 .5050100 .1104761 
xidnsy 3.2125229 .2720519 .I029 .0597 
Ridney 4.7394881 .2880403 1.037 .0632 
Kidney 2.723 .3215 .4909569 .0579665 
Liver l.Sl .1919 -347602 .0441754 
Liver 1.941 .1912 .3984073 .0392534 
Liver 2.3954219 -2935368 .5337 .0654 
Liver 2.311 .1942 .413669 .0347618 
Liver l.SP4 .1931 .3494048 .0423275 
Liver 3.0267504 .403042 .0526 .1078 
Liver 4.8204660 .247307 1.074 .OSSl 
Liver 11.3061041 .3016150 2.519 .0672 

Liver 16.3068941 .720456 3.651 .1623 

Liver 6.7018671 .9124776 1.511 .2033 

Liver a .5094255 .6190304 .5591 .1301 
Liver 2.293080 .2221124 .5109 .0495 
Liver 2.3859964 .2315978 .5316 .0516 
Liver 1.203 .1965 .2979126 .0456213 
Liver 1.92 .1900 .382848 .0396407 
Liver 2.0718133 .2051167 .4616 .0457 

Rtrult 
fppm Dry Wt.1 

-_------------- 

i .4912 
< $4921 

1.7293537 
.790395 
18.5278276 
1.3388689 

.z .a276481 

Detection Limit 
IPPII Dry Wt.) 
-------------w 
.4912 
.4921 
.8631059 
.7396768 
-6476661 
.5996409 
.8276481 

Result Detection Limit 
lppm Wet Wt, 1 lppm Wet Wt.1 

____^_---_--_--- ..----------v-- 

.c .1121901 .1121901 
< .153406 .153486 

.3853 .1923 

.1761 .1648 
4.128 .1443 
.2983 .1336 

< .1844 .1844 
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CONTAUINANT CONCSNTRATIONS (Cont.) 

Sample 
Analyte Number 

-------------------- ---_---- 
Sr 324 

354 
355 
360 
361 
389 
443 
444 
445 
447 
448 
499 
501 
503 
504 
505 
539 
544 
557 
561 
A10 
A18 
N 
NO 
NI 
A12 
N3 
N5 
Nub 
A3 
A32 
A38 
A5 
A8 
A9 

Result Detection Limit 
Sample Matrix (ppm Dry Wt.) (ppn Dry Wt.1 

m-----------__----__ _--__----------- ------_---_--_ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

4 

2.0610413 .317325 
,1.326 .1965 
.9994 .1984 
3.743 .1938 
2.028 .198 
2.7290025 .8837522 
1.162 .1984 
1.3527828 .3662478 
1.292 .198 
1.388 .1934 
1.392 .2 
2.7351885 .271544 
1.759 .1972 
1.695 .1953 
2.937 .1961 
2.868 .1927 
1.912 .1996 
5.341 .2268 
2.794 .1969 
3.447 .198 
1.19614 .3554750 
1.8056553 .2145422 
.5881 .1942 
1.1701867 .2010772 
1.032 .190 
.8112 .1953 
1.303 .1996 
1.0301500 .2944345 
1.3 .1965 
.9622 .1969 
1.6009874 .3451526 
1.6004309 .295701 
4.7351885 .2509767 
1.6005386 .2396768 
.0348294 .3307899 

Reault Detection Limit 
(ppm Wet wt.1 lppm wet wt.1 
---__---------- --------____-_ 

.4592 .0707 

.331s .049125 

.2585448 .0513261 

.4136139 .0459887 

.3970824 .0387684 

.6082 .1969 

.2909648 .0496794 

.3014 .0816 

.2886328 .0442332 

.356716 .0497038 

.3120864 .04484 

.6094 .0605 

.420401 .0472308 

.3608655 .0415794 

.5451072 .0363962 

.5773284 .0387905 

.410124 .0428142 

.9854145 .0418446 

.5090668 .0358752 

.6108084 .0350856 

.2665 .0792 

.4023 .0478 

.1460252 .0482199 

.2625 .0440 

.2441712 .0468468 

.1711632 .0412083 

.3355158 .048423 

.2313 .0656 

.29692 .0448806 

.3001102 ,0614131 

.3567 .0769 

.3744 .0659 
1.055 .0577 
.3566 .0534 
.186 .0737 
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Analytt 
^__-__------_------- 

V 

S-10 
Number 

-------- 
303K 
355K 
44311 
44411 
44711 
499x 
505x 
539K 
544K 
557K 
56lR 
240 
242 
244 
245 
261 
265 
266 
271 
272 
275 
3008 
301 
302 
303 
321 
322 
324 
354 
3f5 
360 
361 
389 
443 
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CONTAMINANT CONCKWRATIONS (Cont.) 

Sample Uatrix 

Kidney < 1.6558501 
Kidney < 1.0758684 
Ridney .8825411 
Kidney .9794333 
Kidney 1.3528336 
Kidney < 1.2248629 
Kidney 2.9314442 
Kidney 1.103 
x1dnty 4.2870201 
Ridnty 1.3400366 
Kidney < .8039 
Liver < .4798 
Liver .5953 
Liver < .7333932 
Liver .t .4854 
Liver < .4826 
Liver .z 1.2091562 
Liver .z .6180431 
Liver < .7535907 
Liver 1.9609515 
Liver =z 2.2805206 
Liver c 1.5498205 
Liver < .5547576 
Liver .782316 
Liver a8869 
Liver 1.215 
Liver < .5125673 
Liver x .7935360 
Liver .5524 
Liver < .496 
Liver 1.12 
Liver .6313 
Liver < 2.2087074 
Liver .6244 

Result 
(ppm Dry Wt.1 

---_----------- 

Detection Limit Result 
(psxn Dry Wt.1 (ppm wet wt.1 

.- --m------s- 

1.6558501 
1.0758684 
.7161792 
.7824497 
.9351005 
1.2248629 
.9026508 
1.073 
.6019013 
.7221207 
.8039 
.4798 
.478 
.7333932 
.4854 
.4826 
1.2091562 
.6180431 
.7535907 
1.8213645 
2.2805206 
1.5498205 
.5547576 
.5709946 
.4912 
.497 
.5125673 
.7935360 
.4912 
.496 
.4845 
.495 
2.2087074 
.496 

-- --_------------ 
< .3623 
e .2354 

.1931 

.2143 

.296 
* .268 

.6414 

.2039122 

.938 

.2932 
< .1449432 
-c .11045 

.1222151 
< .1634 
< .0068866 
c .1057059 

.< .2694 
< .1377 
< .1679 

.4369 
< .5081 
< .3453 
< .1236 

.1743 

.2059382 

.242271 
< .1142 
c .1768 

.1301 
< .1283152 

.265776 

.1236005 
< .4921 

.I563498 

Detection Limit 
(ppm Wet Wt.) 
-------------- 

.3623 

.2354 

.1567 

.1712 
-2046 
.268 
.1975 
.2761902 
.1492 
.158 
.1449432 
.11045 
.0981334 
.1634 
‘0868866 
.1057059 
.2694 
.1377 
.1679 
.4058 
.fOBl 
.3453 
.1236 
.129 
.1140566 
.099101a 
.1142 
.1768 
.1228 
.1283152 
.1149719 
.096921 
.4921 
.1241984 
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Sample 
Analyte Number 

-------------------- ------- 
V 444 

445 
447 
448 
499 
501 
503 
504 
505 
539 
544 
557 
561 
A10 
Al8 
A2 
A20 
Nl 
A22 
A23 
A25 
N6 
N 
A32 
A38 
A5 
A8 
A9 

zn 303x 
355R 
4431 
444K 
447K 
499K 

CONTAMNANT CONCKNTRATIONS (Cont.1 

Result 
Swle Hatrix (ppn Dry Wt.) 

-------------------- ___________-___ 
Liver .z .9151706 
Liver 1.435 
Liver .5209 
Liver .9712 
Liver < .6781867 
Liver .9514 
Liver 1.411 
Liver 2.45s 
Liver 1.968 
Liver < .499 
Liver 2.125 
Liver .7758 
Liver < .495 
Liver < .8891382 
Liver .9708259 
Liver .581 
Liver < .5022442 
Liver c .495 
Liver .8041 
Liver .5472 
Liver < .7360862 
Liver 1.148 
Liver 1.18 
Liver < .8631059 
Liver < .7396760 
Liver 1.0709156 
Liver .9438959 
Liver < .8276481 

xidnty 72.0749543 
Kidney 65.9506399 
Kidney 57.0610603 
Kidney 74.6000731 
Kidney 70.702011 
Kidney 75.3656307 

Detection Limit Result Detection Limit 
Ippm Dry Wt.) 
------------- 
.9151706 
.495 
.4836 
.!i 
-6781867 
.4931 
.4883 
.4902 
.4817 
.499 
.5669 
.4921 
,495 
.8891382 
.5368043 
.4054 
.5022442 
.495 
.4883 
.499 
.7360062 
.4912 
.4921 
.8631059 
.I396768 
.6476661 
.5996409 
.8276481 

(ppn Wet Wt.) 
-_-----_________ 

x .2039 
.320579 
.1338713 
.217743 

< .1511 
.2273046 
.3004019 
.455648 
.3961584 

< .1070355 
.3920625 
.1413508 

.z .087714 
< .1981 

.2163 

.1442623 
< .1119 
< .117117 

.1696651 

.1327507 
< .164 

.2622032 

.368042 
< .1923 
< .1640 

.2386 

.2103 
< .1844 

(ppm Wet Wt.) 
----------____ 

.2039 

.110583 

.1242852 
-1121 
.1511 
.1178509 
.1039591 
.0909811 
.0969662 
.1070355 
.1045931 
.0896606 
.087714 
.1981 
.1196 
.1205248 
.1119 
.117117 
.1030313 
.1210574 
.164 
.1121901 
.153486 
.1923 
.1648 
.1443 
.1336 
.1844 

3.3117002 15.77 .7246 
2.1517367 14.43 .4708 
1.4328154 12.66 .3135 
1.5653565 16.34 .3425 
1.8702011 17.22 .4092 
2.4492687 16.49 .5359 
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Analytt 
----_--------------- 
Zn 
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CONTAMINANT CONCENTRATIONS (Cont.1 

Sample Result 
Number Senplt Matrix (ppn Dry Wt.1 

--w-v--- __-__-___-___-______ -___-----__---- 

505x Kidney 73.857404 
539K Ridney 66.33 
544K Kidney 50.4570384 
551x Kidney 64.6252285 
561K Kidney 93.69 
240 Liver 56.85 
242 Liver 62.82 
244 Liver 73.967604 
245 Liver 88.59 
261 Liver 83.02 
265 Liver 104.8473968 
266 Liver 66.2926391 
271 Liver 86.3554758 
272 Liver 115.2154399 
275 Liver 141.7414722 
3008 Liver 122.3967684 
301 Liver 132.989228 
302 Liver 108.3931777 
303 Liver 100.8 
321 Liver 112.5 
322 Liver 97.2172352 
324 Liver 118.3572711 
354 Liver 94.54 
355 Liver 99.65 
360 Llvtr 96.83 
361 Liver 103.2 
389 Liver 122.8001181 
443 Liver 103.4 
444 Liver 101.4362657 
445 Liver 85.41 
447 Liver 104.9 
448 Liver 98.55 
499 Liver 96.9920187 
501 Liver 106.6 
503 Liver 90.91 

Detection Limit 
lptnn Dry Wt.) 
--s----------- 

1.8040446 
2.1459 
1.3633455 
1.4446984 
1.6077 
.9597 
.956 
1.4667064 
.9709 
.9653 
2.4183124 
1.2356373 
1.5071813 
3.6431777 
4.5614901 
3.0996409 
1.1099641 
1.1579892 
.9023 
.994 
1.0246858 
1.5070736 
.9823 
.9921 
,969 
.PPOl 
4.4178636 
.9921 
1.8303411 
.PPOl 
.9671 
1 
1.3560223 
.9862 
.9766 

Rttult 
(ppal wet wt.1 
___-----_----- 

16.16 
17.013342 
11.04 
14.14 
16.892307 
13.08687 
12.896946 
16.40 
15.85761 
18.197984 
23.36 
14.77 
19.24 
25.67 
31.58 
27.27 
29.63 
24.15 
23.40576 
22.4325 
21.66 
26.37 
23.635 
25.779455 
22.977759 
20.20656 
27.36 
25.89136 
22.6 
19.000594 
26.9593 
22.09491 
21.61 
25.4774 
19.354739 

Detection Limit 
Ippm Wet Wt.) 
-----_______-_ 

.3949 

.5523541 

.2983 

.3161 

.2898683 

.2209229 

.1962668 

.3268 

.1731911 

.2115938 

.5388 

.2753 

.3358 

.8117 
1.0163 
-6906 
.2413 
.258 
.2280901 
.1982036 
.2283 
.3536 
.245575 
.2566563 
.2299437 
.1938616 
.9843 
.2484218 
.4078 
.2211883 
.2485447 
.2242 
.3023 
-2357018 
.2019181 



Catalog: 8610011 

Analyte 
-------------------- 
Zn 

Lab Name: RTI 23-Jun-94 Purchase Order: PACF-3-0023 Page: 34 

CONTAUINANT CONCl?WT'RATIONS (Cont.) 

Sample 
Number 

____-__- 
504 
505 
539 
544 
557 
561 
Al0 
Al8 
N 
A20 
A21 
A22 
AZ3 
A25 
A26 
A3 
A32 
A338 
A5 
A8 
A9 

Sarrple Matrix 
-------------------- _ 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 
Liver 

Result 
lppn Dry Wt.) 
------------- 

97.82 
82.61 
92.98 
114.3 
105.4 
90.06 
127.6032316 
110.2333932 
82.4 
146.9030521 
108.3 
64.5 
88.42 
109.4254937 
153.3 
128 
180.0718133 
131.0143621 
127.513465 
74.1472172 
64.0035907 

Detection Limit 
lp$m Dry Wt.1 
-------------- - 
.9804 
.9634 
.998 
1.1338 
.9843 
.9901 
1.7782765 
1.0736086 
.9709 
1.0044883 
.9901 
.9766 
.990 
1.4726212 
.9823 
.9843 
1.7262110 
1.4793537 
1.295781 
1.1992019 
1.6540474 

Result Detection Limit 
(ppm Wet Wt.1 (ppm Wet Wt.) 

18.155392 .1819622 
16.629393 .1939324 
19.94421 .214071 
21.08835 .2091861 
19.20388 .1193395 
15.958632 .1754457 
28.43 .396i 
24.56 .2392 
20.45992 .2410145 
32.73 .2238 
25.62378 .2342577 
13.6095 .2060626 
21.450692 .2421148 
24.38 .3281 
35.01372 .2243573 
39.9232 .3070032 
40.12 .3846 
29.19 .3296 
28.41 .2887 
16.52 .2672 
14.26 .3687 
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PROCEDUPN, BLANKS 

Analytt Lab Sample Number Result Total' W 
-_---------------------------- --__----____-___- --_---_-_-_-_-___ 
Al 219201 2.15 

219401 .02 
219761 3.37 

B 219201 .51 
219401 .12 
219761 0 

Ba 

Be 

cd 

Cr 

cu 

It 

%I 

219201 .06 
219401 .03 
219761 .I4 

219201 0 
219401 0 
219761 .02 

219201 0 
219401 0 
219761 .Ol 

219201 .07 
219401 .OP 
219761 .07 

219201 0 
219401 0 
219761 .02 

219201 4.11 
219401 0 
219761 2.74 

219191 0 
219391 0 
219611 0 

c 
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PROCEDURAL BUNKS (Cont.) 

Analytt Lab Sample Number Result Total UO 
-----------_------------------ ----------------- ---------------__ 
Hg 219151 0 

m 219201 1.97 
219401 1.6 
219761 3.10 

nn 219201 .08 
219401 .04 
219761 .12 

UO 

Ni 

Pb 

Sr 

V 

Zn 

219201 .24 
219401 .04 
219761 .08 

219201 0 
219401 .02 
219761 .ll 

4 
219201 0 
219401 0 
219761 0 

219201 .04 
219401 .04 
219161 .09 

219201 0 
219401 .02 
219761 .06 

219201 .08 
219401 .ll 
219761 .02 

Page: 36 
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Analyte 
-e-w----------mw 
Al 

n 

Ba 

B* 

cd 

cr 

cu 

Fe 

m 

SMfple 
Number 

----mm-.. 
539K 
360 
A2 

53911 
360 
A2 

53911 
360 
AZ 

539K 
360 
A2 

539K 
360 
A2 

5391 
360 
A2 

539K 
360 
A2 

539K 
360 
A2 

539K 
245 

IXJPLICATES 

Initial Rerult Duplicate Reeult 
Sample Xatrlx (wm 1 Q) (Ppn I a) Average 

____-____--_--_-_--- --_--_----__^_--_-- ----..-------------- _-_----------- 
Kidney < 10.7296 Dry 13.28 Dry 9.3224 
Liver 6.842 Dry 6.356 Dry 6.599 
Liver 10.18 Dry 10.85 Dry 10.515 

Kidney 10.7 Dry 9.66 Dry 10.18 
Liver 1.579 Dry 2.051 Dry 1.815 
Liver .69 Dry e .7353 Dry 0.528825 

Kidney c 1.073 Dry < 1.0417 Dry 0.528675 
Liver x .4045 Dry e .4817 Dry 0.24155 
Liver .t .4054 Dry < .7353 Dry 0.305275 

Kldnty c .2146 Dry c .2083 Dry 0.105725 
Llvcr < .0969 Dry e .0963 Dry 0.0483 
Liver e .0971 Dry e .1471 Dry 0.06105 

Kidney .3894 Dry .425 Dry 0.4072 
Livar .237&l Dry .1286 Dry 0.1032 
Liver .3283 Dry .3064 Dry 0.31735 

Kidney 1.494 Dry s 1.0417 Dry 1.007425 
Liver e .4045 Dry < .4017 Dry 0.24155 
Liver < .4054 Dry x .7353 Dry 0.305175 

Kidney 6.426 Dry 6.523 Dry 6.4745 
Liver 41.41 Dry 39.47 Dry 40.44 
Liver 26.23 Dry 28.84 Dry 27.535 

RidtlCY 1423 Dry 1402 Dry 1412.5 
Llvcr 2280 Dry 2224 Dry 2252 
Liver 1407 Dry 1490 Dry 1440.5 

Rldney .2017 Dry .209 Dry 0.20535 
Liver .2403 Dry .2288 Dry 0.23455 

Relative % 
Difference 
-------_-- 

84.91 
7.36 
6.37 

10.22 
26.01 
60.96 

2.96 
0.58 

40.94 

2.98 
0.62 

40.95 

0.74 
59.61 

6.9 

96.6 
0.58 

40.94 

1.5 
4.0 

9.48 

1.49 
2.49 
5.73 

3.55 
4.9 

C . I I 
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DUPLICATES (Cont.1 

Sampl. Initial Result Duplicate Result Relative t 
Analyte Number Sample Hatrlx (Pm / Ul lPpm 1 t) Average Difference 

------_--------- _------- -------------------- ------____--------- ---__--_-------_-_- -------------- __________ 
NV 360 Liver .1574 Dry .1542 Dry 0.1550 2.05 

544 Liver .5067 Dry .5664 Dry 0.57655 3.52 
A2 Liver .3301 Dry .3443 Dry 0.3372 4.21 

na 

nn 

MO 

Nl 

Pb 

Sr 

v 

zn 

539K Kidney 764.5 Dry 777.0 Dry 771.15 1.72 
360 Liver 724.0 Dry 727.5 Dry 726.15 0.37 
A2 Liver 519.2 Dry 562.1 Dry 540.65 7.93 

539K Kidney 2.680 Dry 3.036 Dry 2.062 12.16 
360 Liver 6.216 Dry 6.105 Dry 6.2005 0.5 
A2 Liver 2.479 Dry 2.59 Dry 2.5345 4.38 

539K Kidnay < 1.073 Dry < 1.0417 Dry 0.520675 2.96 
360 Liver .7709 Dry 1.339 Dry 1.05495 53.05 
A2 Liver .5414 Dry .7501 Dry 0.64605 32.4 

539K Kidney < 1.073 Dry < 1.0417 Dry 0.520675 2.96 
360 Liver c .4045 Dry < .4017 Dry 0.24155 0.50 
A2 Liver e .4054 Dry < .7353 Dry 0.305175 40.94 

539K fidIl0y < 1.073 Dry < 1.0417 Dry 0.520675 2.96 
360 Liver 1.732 Dry 1.199 Dry 1.4655 36.37 
A2 Liver < .4054 Dry < .7353 Dry 0.305175 40.94 

53911 Kidney 1.962 Dry 1.077 Dry 1.9195 4.43 
360 Liver 1.743 Dry 1.73s Dry 1.739 0.46 
A2 Liver .5001 Dry .6373 Dry 0.6127 0.03 

539K Kidney 1.103 Dry 1.141 Dry 1.122 3.39 
360 Liver 1.12 Dry .9909 Dry 1.05945 11.43 
A2 Liver .501 Dry c .7353 Dry 0.474325 44.90 

539K Kidney 66.33 Dry 67.6 Dry 66.965 1.9 
360 Liver 96.83 Dry 96.01 Dry 96.42 0.05 
A2 Llver 02.4 Dry 09.66 Dry 06.03 0.44 
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REFBRWCB UATBRIALS 

Lab Sample 
h Certified 

Reference 
95% 

Confidence Result Percent 
Analyto 
------- 
Al 

Number 
-----m-w 
219171 
219381 
219701 
219001 

S.R.H. ID S.R.H. Name 
----m---_----e- 
NIST 1577a 
NIST 1577a 
NfST 1577a 
N:C)T 1577s 

------------------------- 

Bovine Liver 
Bovine Liver 
Bovine Liver 
Bovine Liver 

Value Ippn / \I Interval (Ppn\ I $1 
_---------_----- ---w-------e --s--m------------- 

2 Dry e 4.0077 Dry 
2 Dry .c 4.902 Dry 
2 Dry < 4.7001 Dry 
2 Dry 15.05 Dry 

Recovery 
-------_-- 

240.30 
245.1 

239 
752.5 

219171 NIST 1577a .7202 Diy 
219381 NIST 1577a .8816 Dry 
219701 NIST 1577a -c .470 Dry 
219801 NIST 1577a 2.210 Dry 

B 

NIST 1577a < .4000 Dry 
HIS-l' 15778 < .4902 Dw 
NIST 1577a e .470 Dry 
NfST 1577a < .4902 Dry 

Ba 219171 
219301 
219781 
219001 

< .0962 Dry 
< .090 Dry 

< .0956 Dry 
e .090 Dry 

.4624 Dry 

.3634 Dry 

.4121 Dry 

.4001 Dry 

Be 219171 NIST 1577a 
219301 NIST 1577a 
219701 NIST 1577a 
219001 NIST 1577a 

.I4 Dry .06 

.44 Dry .06 

.I4 Dry .06 

.I4 Dry .06 

105.09 
82.59 
93.66 

109.11 

cd 219171 NEST 1577a Bovine Liver 
219381 NIST 1577a Bovine Liver 
219781 NfST 1577s Bovine Liver 
219001 NIST 1577a Bovine Liver 

NIST 1577a .7766 Dry 
NIST 157711 .6228 Dry 
NIST 1577a .9209 Dry 
NfST 1577a .7352 Dry 

219171 
219301 
219701 
219801 

Cr 

150 Dry 7 150 Dry 100 219171 NIST 1577a Bovine Liver cu 

l only certified analytos list a confidence interval - all othere are considered rafermnca valuea. 

i ( 
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REFERENCE MTERIALS (Cont.) 

A certified 95% 
Lsb Sample Reference Confidence Result 

Analyto Number S.R.M. ID S.R.H. Name Value ippm / t) Interval (Ppn ! %I 
------- -------- --------------- ------------------_______ _--------------- ------------ --------------___^_ 
cu 219301 

219781 
219001 

NIST 1577s 
NIST 1577a 
NIST 1577a 

Bovine Liver 
Bovine Liver 
Bovine Liver 

150 Dry 
150 Dry 
150 Dry 

7 
7 
7 

138 Dry 
137.7 Dry 
l40.2 Dry 

Percent 
Recovery 

--_--_--__ 
07.34 
07.15 
00.73 

IO 219171 NIST 1577a Bovine Liver 194 Dry 20 192.3 Dry 99.12 
219301 NIST 1577a Bovine Liver 194 Dry 20 161.5 Dry 03.25 
219701 NIST 1577a Bovine Liver 194 Dry 20 109 Dry 97.42 
219001 NIST 1577a Bovine Liver 194 Dry 20 179.4 Dry 92.47 

Hg 219622 NIST 1577a Bovinn Liver .004 Dry ,002 .6310 Dry 15795 
219101 NRCC Lmw-1 Dogfish Muscle .790 Dry .074 .6751 Dry 04.6 
219411 NRCC DORH-I Dogfish Hu5cl5 ,790 Dry .074 .7120 Dry 89.32 
219791 NRCC WRX-1 Dogfish Muscle .I90 Dry .074 .6392 Dry 00.1 
219011 NRCC wfw-1 Dogfish ktuscle .790 Dry .074 .6049 Dry 05.03 

wt 219171 
219301 
219701 
219001 

nn 219171 
219301 
219701 
219001 

WO 219171 
219301 
219701 
219001 

Ni 219171 
219301 

NIST 1577a 
NIST 1577a 
NIST 1577a 
NIST 15774 

Eovlno Liver 
Bovine Liver 
Bovine Liver 
Bovine Liver 

600 Dry 15 603.5 Dry 100.50 
600 Dry 15 464.3 Dry 77.30 
600 Dry 15 540.3 Dry 91.30 
600 Dry 15 496.2 Dry 82.7 

NIST 1577s Bovine Liver 9.9 Dry .e 11.05 Dry 111.62 
NIST 15774 Bovine Liver 9.9 Dry .e 9.174 Dry 92.67 
NIST 1577s Bovine Liver 9.9 Dry .e 10.11 Dry 102.12 
NIST l577a Bovine Liver 9.9 Dry .e 10.23 Dry 103.33 

NIST li77a Bovine Liver 3.5 Dry .5 3.931 Dry 112.31 
NIST 1577a Bovine Liver 3.5 Dry .5 3.440 Dry 90.51 
NIST 1577a Bovine Liver 3.5 Dry .5 3.045 Dry 109.06 
NIST 15774 Bovine Liver 3.5 Dry .5 3.94 Dry 112.57 

NIST 15fla 
NIST l577s 

< .4008 Dry 
< .4902 Dry 

l only certified analyteo lint a confidence interval all othrs are considered reference values 
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REFEREZNCB HATBRIALS (Cont.) 

l Certltied 95% 
Lab Sample Reference Confidence Result Percent 

Analyte Number S.R.N. ID S.R.H. Name Value (ppm / %) Interval (ppn I U) Recovery 
------m ______-_ ___--_--____-_- __--_---_---___---------- ___--__-----m--- ----w-w----- ---e-----m--------- ----_---_- 
Ni 219781 NIST 1577a < .478 Dry 

219801 NIST 1577a .5592 Dry 

219171 NIST 1577a Bovine Liver 
219381 NIST 1577a Bovine Liver 
219781 NIST 1577a Bovine Liver 
119801 NIST 1577a Bovine Liver 

.135 Dry .015 

.135 Dry .015 

.135 Dry .OlS 

.135 Dry .015 

.138 Dry .003 

.138 Dry .003 

.138 Dry .003 

.138 Dry .003 

.099 Dry .ooe 
,099 Dry .008 
.Q99 Dry .008 
.099 Dry .QQB 

123 Dry 8 
123 Dry 8 
123 D&-y 8 
123 Dry 8 

all others are considered reference values. 

1.145 Dry 848.15 
z .4902 Dry 363.11 

< .478 Dry 354.07 
< .4902 Dry 363.11 

Pb 

.2019 Dry 146.3 

.2501 Dry 181.23 
c .1912 Dry 138.55 

.%I81 Dry 368.19 

Sr 219171 NIST 1577a 
219381 NIST 1577a 
219781 NIST 1577a 
219801 NIST 15774 

Bovine Liver 
Bovine Liver 
Bovine Liver 
Bovine Liver 

c .4000 Dry 485.66 
< .4902 Dry 495.15 

c .47B Dry 482.83 
< .4902 Dry 495.15 

V 219171 NfST 1577a 
219381 NfST 1577a 
219781 NXST 1577s 
219801 NIST 1577a 

Bovine Liver 
Bovine Liver 
Bovine Liver 
Bovine Liver 

124.5 Dry 101.22 
100.2 Dry 81.46 
112.1 Dry 91.14 
105.2 Dry 85.53 

zn 219171 NIST 1577a 
2193e1 NIST 1577s 
219781 NIST 1577a 
219801 NSST 1577a 

Bovine Liver 
Bovine Liver 
Bovine Liver 
Bovine Liver 

l 0n1y certified analyter list a confidence interval - 

( I 
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SPIKE RECOVKRIBS 

Analyte 
-___-----_----_____ 
Al 

Sample 
Number 

-v-v--- 
S6lK 
261 
361 
S61 

Spike Level 
Sample Ratrlx (ppm / r) 

------------------mm ----_----_--------- 
Kidney 3268 Dry 
Liver 1930 Dry 
Liver 1957 Dry 
Liver 1949 Dry 

Anwunt Recovered l Spike / 
(ppn / 9) Background 

----------_________ ---e-----e 
2867 Dry 400 

1995.8 Dry 100.52 
1934.62 Dry 171.97 
1985.65 Dry 171.72 

Percent 
Recovery 

------me__ 
07.73 

103.41 
90.06 

101.88 

B 

Ba 

Be 

cd 

Cr 

cu 

561X Kidney 328.0 Dry 202.900 Dry 52.26 86.04 
261 Liver 194.2 Dry 200.292 Dry 160.76 103.14 
361 Liver 196.9 Dry 193.857 Dry 146.61 90.45 
561 Liver 196.1 Dry 182.138 Dry 73.67 92.00 

561K Kidney 328.1 Dry 287.1 Dry 401.59 87.5 
261 Liver 193.8 Dry 208.4 Dry 401.57 107.53 
361 Liver 196.5 Dry 198.6 Dry 401.69 101.07 
561 Liver 195.7 Dry 193.5 Dry 401.6 98.08 

561K Kidney 
261 Liver 
361 Liver 
561 Liver 

326.8 Dry 
193 Dry 

195.7 Dry 
194.9 Dry 

204 Dry 2000 06.9 
199.1 Dry 2000 103.16 
191.9 Dry 2001.02 90.06 
191.3 Dry 1998.97 98.15 

561K Kidney 328.1 Dry 295.803 Dry 149.34 90.16 
261 Liver 193 Dry 186.1735 Dry 366.57 96.46 
361 Liver 196.5 Dry 107.4924 Dry 1926.21 95.42 
561 Liver 195.7 Dry 202.1994 Dry 651.03 103.32 

f61K Kidney 332 Dry 300.0264 Dry 380.04 90.37 
261 Liver 196.1 Dry 196.3309 Dry 293.08 100.12 
361 Livar 190.8 Dry 193.8311 Dry 349.4s 97.5 
561 Liver 198 Dry 198.5 Dry 406.32 100.25 

561K Kidney 320.1 Dry 273.87 Dry 13.43 83.47 
261 Liver 193 Dry 200.19 Dry 7.45 103.73 

l Par a spike to be a valid measure of method accuracy, this ratio must be higher than 1.0. 
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SPIKF! RJKOVERIRS (Cont.1 

Amount Recovered l Spike / Percent 
(Pm I a) Background Recovery 

___-___-___----_--- _---_----- - --_----mm 
192.63 Dry 4.63 98.03 
196.55 Dry 7.29 100.43 

Sample 
Analyte Number 

----m-w------------- ------- 
cu 361 

561 

Fe 56111 
261 
361 
561 

Spike Level 
Swle Matrix (ppnl I tI 

___________-________ _____-___--_-_----- 
Liver 196.5 Dry 
Liver 195.7 Dry 

Kidney 3271 Dry 
Liver 1932 Dry 
Liver 1959 Dry 
Liver 1951 Dry 

2794 Dry 2.54 05.42 
1901 Dry 1.21 90.4 
1700 m-y 1.35 90.86 
2023 Dry 0.09 103.69 

Hg 355K 
321 
361 
443 

Kidney 
Liver 
Liver 
Liver 

1.97 Dry 
1.97 Dry 
1.93 Dry 
1.98 Dry 

9.2778793 Dry 4.37 470.96 
1.812 Dry 11.01 91.98 

1.9126 Dry 7.9 99.1 
1.8109 Dry 7.64 91.46 

56111 Kidney 3266 Dry 2863.5 Dry 
261 Liver 1930 Dry 1809.1 Dry 
361 Liver 1957 Dry 1803.3 Dry 
561 Liver 1949 Dry 2056.9 Dry 

5.16 87.62 
2.48 93.74 
2.62 92.15 

3.5 105.54 

561K Kidney 327.6 Dry 293.794 Dry 142.15 89.63 
261 Liver 193.6 Dry 194.2 Dry 17.13 100.31 
361 Liver 196.3 Dry 169.798 Dry 42.66 96.69 
S61 Liver 195.5 Dry 197.32s Dry so.45 100.93 

WO 561K 
261 
361 
561 

Kidney 
Liver 
Liver 
Liver 

292.1 Dry 400.73 89.22 
194.365 Dry 118.29 100.5 

169.7 Dry 400.86 96.74 
196.9 Dry 400.78 loo.82 

Ni 561X 
261 
361 
561 

Kidney 
Liver 
Liver 
Liver 

327.4 Dry 
193.4 Dry 
196.1 Dry 
195.3 Dry 

1638 Dry 1467 Dry 2004.9 89.56 
967.6 Dry 944.7 Dry 2004.97 97.63 
980.8 Dry 929.6 Dry 2004.91 94.70 

977 Dry 992.504 Dry 376.35 101.59 

l tar a apike to be a valid meamre of method accuracy, this ratio muet be higher than 1.0. 
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SPIKK RJXOVERIES (Cont.) 

Sample Spike Level Amount Recovered l Spike I Percent 
Analyte Number Sample I4atrix (pm / t) (Ppn / %I Background Recovery 

-------------------- -------- -------------------- ------------------- ---_--------------- --________ -v____-___ 
Pb 561K Kidney 1639 Dry 1475 Dry 2006.12 89.99 

261 Liver 968.3 Dry 919.8897 Dry 1062.55 95 
361 Liver 981.6 Dry 923.236 Dry 922.56 94.05 
561 Liver 977.8 Dry 1025.4966 Dry 1942.39 104.BB 

Sr 

V 

2n 

561K Kidney 326.8 Dry 202.077 Dry 120.01 86.31 
261 Liver 193 Dry 209.306 Dry 121.08 108.45 
361 Liver 195.7 Dry 190.272 Dry 96.5 101.31 
561 Liver 194.9 Dry 193.653 Dry 56.54 99.36 

561K Kidney 327.1 Dry 292.9 Dry 400.37 09.54 
261 Liver 193.2 Dry 197.9 Dry 400.33 102.43 
361 Liver 195.9 Dry 191.6687 Dry 310.31 97 .a4 
561 Liver 195.1 Dry 194.6 Dry 400.37 99.74 

56lK Kidney 335.9 Dry 283.11 Dry 3.59 04.28 
261 Liver 1911.S Dry 192.08 Dry 2.39 96.77 
361 Liver 201.2 Dry 191 Dry 1.95 94.93 
561 Liver 200.4 Dry 217.74 Dry 2.23 108.65 

l ?or a spike to be a valid measure of method accuracy, thin ratio mu#t be higher than 1.0. 
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Sample 
Analytc Number 

--------_-----------__________ ------- 
8 Uoisture 244 

265 
266 
271 
272 
275 
300B 
301 
302 
303K 
322 
324 
35511 
389 
443K 
444 
444u 
447K 
499 
499K 
505K 
544K 
557K 
A10 
A18 
A20 
A25 
A32 
A38 
A5 
A8 
A9 

COWU?NTS IRESULT HODIFBRS AND QA/W COfMZNTS) 

Result Modifier 

RESULT NOT MBASURED- AVERACB VALUB REPORTED 
RBSULT NOT HBASURBD - AVERAGB VALUB REPORTED 
RESULT NOT HBASURBD - AVERAGE VALUE RBPORTBD 
RESULT NOT HBk3URED - AVKRAGB VALUE RBPORTED 
RESULT NOT HBASURBD - AVERAGB VALUE RBPORTED 
RESULT NOT HBASURBD - AVBRAGB VALUB REPORRBD 
RBSULT NOT WBASURED - AVBMCB VALOR RBPORTBD 
RESULT NOT WEASURBD - AVKRAQB VALUE! RBPORTED 
RBSULT NOT HBASURBD - AVERAGB VALOR RBPORTED 
RESULT UDT MBASURBD - AVBRAGB VALIJB REPORTED 
RCSUtT NOT MEASURED - AVERAGE VALUB RBPORTBD 
RESULT NOT MEASURED - AVERAM VALUE RBPORTKD 
RESULT NOT HBASURBD - AVERAGB VALUIS RBPORTBD 
RESULT NOT MBASURBD - AVBRAGB VALUB RBPORTBD 
RESULT NOT C(MSIJ’RED - AVltRAQB VALUB RBPORTBD 
RESULT NOT MBMURJJD - AVKRAQB VALUE REPORTBD 
RESULT NOT MASURBD - AVBRAGII VALUE RBPORTBD 
RBSUL.T NOT MASURBD - AVBRAGB VUUB RBPORTBD 
RESULT NOT MBASURIID - AV8JUQB VALUE RBPDRTBD 
RESULT NOT WBASURBD - AVBRAGB VALUE RBPORTBD 
RESULT NOT HBMURBD - AVXRAGB VALUB RBPORTBD 
RESULT NOT HBASURBD - AVBRAGB VALUK RBPORTED 
RESULT NOT l4MUFlBD - AVBRAGB VALUB RBPORTBD 
RESULT NOT HBASURBD- AVBRAQB VALUI REPORTID 
RBSULT NOT HBASURBD - AVBRAQB VALUB RBPORTED 
RBSULT NOT MA!%JRBD - AVBRAGB VALUB REPORTED 
RESULT NOT MXASURBD - AV’BRAGB VALUB REPORTED 
RBSULT NOT MASURBb - AVBRAGB VALUB RBPOXTED 
RESULT NOT HBASURBD - AVBRAGB VALUE RBPORTBD 
RBSULT NOT HBASURBD - AMRAGB VALUB RIIPORTBD 
RESULT NOT HiWWRXD - AVBRAGB VALUK RIWORTXD 
RESULT NOT HBASURED - AVBRAGB VALJJB RBWRTBD 
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COINKNTS (RESULT HODIFERS AND QAIQC COMMENTS1 (Cont.1 

QAIQC Comnenta 
__-_---------------------------------------------------------------------------- 
For the following samples there was insufficient sample to perform a moisture 
determination: 

303K, 3fSK. 443K, 444K. 447K.. 499K, SOSK, 544K, 557K 244, 265, 266, 271, 2721 
275, 3008, 301, 302, 322, 324, 389, 444. 49% ~10, A% A20, A% A% A% 
AS, A8, A9 

For the Kidney samples, an avsrage(n=l) oE 78.12& wus used to estimate dry 
wolght concentrations. 

For the liver samples, an averagelrm28) of 77.72% was used to estimate dry 
weight concentrations. 
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APPROVED. 
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ANALYTICAL METHODS 

Uethod 
code Method Description 

-m-m- -----__-----___--__------------------------------------------------------------- 
001 LABORATORY : Research Triangle Institute 

I. Homogenization. Tiesue aan~les are prehomogenized using a food processor. 
A portion of the tissue s~ple (or sediment) is then freeze dried for 
determination of moisture content and ground to 100 mesh with a mill. 

002 WBORATDRY : Research Triangle Institute 

If. Praconcentration Digestion for Inductively Coupled Plasma Emission (ICP) 
Ueaeurement. Using a CW microwave oven, 0.5 g of freeze dried tiaoue is 
heated in a capped 120 mL Teflon vessel in the presence of 5 mL of Baker 
fnetra-Analyzed nitric acid for three minute8 at 120 watts, three minutes 
at 300 watta, and 35 minute8 at 450 watte. The veeeel contents are then 
allowed to cool and the cap ia removed and rinsed careEully with 3 ml of 
HNo3 adding the rinsings to the vessels contentr. The uncapped veesel in 
then returned to the microwave oven and heated until the verael contentr 
are leas than 1 mL in volume. The contents are carefully rinsed with 
laboratory pure water into a 5 ml glass volumetric vessel and made to 
volume with additional laboratory pure water. The flask contents are 
then irmnodiatoly transferred to a clean plastic centrigure or auto 
aanpler tube and centrifuged for 1 minute to precipitate the suspended 
matter. The swle ie now ready for ICP analysis. 

003 LABDRATORY : Research Triangle Institute 

III. Digest for tCP Usanurunent. Veing a C8M microwave oven, 0.25 to 0.5 g. 
of freeze dried u-10 ie heated in a capped 120 ml Teflon verrel in the 
presence of 5 ml of Baker fnntra-Analyzed nitric acid for three minutes 
at 120 wattr, three minutes at 300 watts, and fifteen minuter at 450 
watt0 . The residue is then diluted to 50 ml with D.I. water. 
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ANALYTICAL HETHODS (Cont.) 

Method 
code Method Description 

_^___ --_------------_---------------------------------------------------------------- 
004 LABORATORY: Research Triangle Institute 

IV. Digestion for Graphite Furnace and Cold Vapor Atomic Absorption (CPM1 
Heaeurement. Using a CEkl microwave oven, 0.25 to 0.5 g of freeze dried 
sample is heated in a capped 120 ml Teflon veenel in the presence of 5 ml 
of Baker Instra-Analyzed nitric acid for three minutea at 120 watts, three 
minutes at 300 watte, and fifteen minutes at 450 watte. The residue is 
then diluted to 50 ml with laboratory pure water. 

006 WRDRATORY: Research Triangle Institute 

VI. ICP. ICP measurementa are made using a Leeman Labs Plasma Spec I 
sequential or ES2000 simultaneous spectrometer. 

008 LABDRATORY: Roaasrch TrAanglo Institute 

VIII. Cold Vapor Atomic Absorption (CVM). Hg meaauremente are conducted 
using SnCl4 aa the reducing agent. A Leeman 99200 Hg Analyzer is 
anployed. 
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Metal concentrations in liver tissue from individual brown 
bullheads from Slocum, Hancock, and Goose Creeks, 1992. 
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Effects of heavy metal contamination on fish species 
composition, growth, and mortality in 

a North Carolina tidal creek 

Mildred A. Hayman and Joseph E. Hightower 

Introduction 

The sediments of Slocum Creek, North Carolina are known to 
be contaminated by several heavy metals. A recent study by Riggs 
et at. (1990) detected sediment levels of cadmium, molybdenum, 
chromium, and lead greater than any previously found in North 
Carolina estuaries, as well as high sediment levels of copper, 
mercury, nickel, phosphorus, and zinc. The goal of this study was to 
determine if the fish fauna of Slocum Creek had been affected by 
these contaminants. 

Fish are considered to be valuable indicators of habitat quality 
because they represent a variety of trophic levels, provide an 
integrative view of the watershed environment, and are a measure of 
habitat quality that the public can relate to (Kan 1981). Populations 
of susceptible species may suffer high mortality or poor health in 
contaminated environments. For example, Baumann et al. (1990) 
found a population of brown bullhead in a heavily polluted tributary of 
Lake Erie to have a truncated age structure and a high incidence of 
iiver carcinoma as compared to other populations. Bowser et al. 
(1991) found high incidences of skin and oral papiliomas in brown 
bullhead in a metal-contaminated New York reservoir. Fish exposed 
to contaminants may also have altered relative organ weights and 
lower condition factors (weighfflengths) as compared to non-stressed 
fish (Goede and Barton 1990). Adams et al. (1992) demonstrated 
that population-level responses such as growth can be valuable in 
assessing contaminant effects. To assess biological effects on 
Slocum Creek fishes, we compared Slocum Creek to two reference 
creeks using three approaches: (1) overall species composition; (2) 
health o? two target species, pumpkinseed (Lepomis gibfmws) and 
brown bullhead (Ameiums nebulosus), using a gross-necropsy based 
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health assessment; and (3) population age structure, mortality, and 
growth of these two target species. 

Study Areas 

Our three study creeks were Siocum and Hancock Creeks in 
Craven county, North Carolina (NC) and Goose Creek in Pamiico 
County, NC (figure 1). Ail are tributaries of the lower Neuse River, 
which flows into Pamlico Sound. Salinity varies spatially and 
temporally within the creeks due to fresh water inflow, wind and 
precipitation. A strong salt wedge typically extends into the upper 
portions of all three creeks. Although lunar tidal action is minima!, 
water level may fluctuate greatly in these creeks due to wind direction 
and velocity. For reasons discussed below, the study was confined 
to the upper portions of the three creeks. 

Slocum Creek runs through Cherry Point Marine Air Station, 
and receives treated. sewage and industrial effluent from the air 
station. The industrial effluent contains metal residues, fuels, oils and 
greases, and organics produced by activities such as electroplating, 
metal cleaning, conversion coating of aluminum, and engine testing 
(C.T. Main 1989). In addition, disposal sites adjacent to the creek 
received wastes including paints, organic solvents, waste oil and 
plating sludges from the early 1970s until 1984 (C.T. Main 1989). 
Wastewater from the town of Havelock, North Carolina also enters 
into Slocum Creek upstream of the Cherry Point outfall. 

In addition to the Riggs et a! (1990) study mentioned previously, 
North Carolina Division of Environmental Management @CD&l) and 
U.S. Marine Corps (USMC) studies conducted from 198184 and 
summarized by Gallagher and Di Giulio (1989) detected elevated 
levels of copper, chromium, cadmium, mercury, nickel, and zinc in 
Slocum Creek sediments, fish, and shellfish. The USMC study also 
detected elevated levels of pesticides, PCBs, and volatile organic 
compounds in fish and shellfish tissues. As volatile organ& have a 
short residence time in aquatic systems, the presence of organic 
compounds in fish tissues may reflect continued leaching from 
disposal sites (Gallagher and Di Giulio 1989). 
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the upper regions of all three creeks in March 1991, but as the 
summer progressed, salinity increased to much higher levels in 
Hancock and Goose Creeks than in Siocum Creek (Table 1). The 
lower salinities in Slocum Creek may be due in part to the fresh water 
inflow into Slocum Creek from the Cherry Point and Havelock sewage 
outfalls. 

Selection of species 
Methods 

We chose two species, brown bullhead and pumpkinseed, for 
health assessment. Because of their primarily benthic diet (Keast 
and Webb 1966, Keast 1985), brown bullhead may accumulate 
contaminants through the ingestion of sediment along with potentially 
contaminated benthic prey items. In addition, brown bullhead have 
been observed burrowing into soft bottom sediments in aquaria (Loeb 
1964); this habit may increase their exposure to sediment 
contaminants. Several recent studies have examined the effects of 
single contaminants or pollutant mixtures on brown bullhead in 
laboratory and field situations (Benedetti et al. 1989, Baumann et al. 
1990, Baumann et al. 1991, Gallagher and Di Giulio 1989). 
Gallagher and Di Giulio’s work is particularly relevant as it focused on 
brown bullhead in Slocum and Hancock Creeks. Of fourteen brown 
bullhead sampled from Slocum Creek, three had multiple lip lesions 
and four had discolored or fatty livers. None of the brown bullhead 
taken from Hancock Creek exhibited these conditions. In addition, 
brown bullhead from Slocum Creek had a significantly greater liver 
weight:body weight ratio than those from Hancock Creek (Gallagher 
and Di Giulio 1989). 

Pumpkinseed are very abundant in all three creeks, and are 
easily caught with fyke nets, making large sample sizes easily 
obtainable. Although the speciesis not strictly a benthic feeder, 
insect larvae and other benthic organisms constitute a substantial 
portion of its diet (Fox and Keast 1990). 

One consideration in selecting a target species is whether that 
fish is a permanent resident of one of the study sites. Brown bullhead 
have been reported to move over long distances within lakes and . 
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rivers (l&Gammon and Seeiey 1961, Rawstron 1967, Hale et a!. 
1986). Movement may be more restricted in tidal creeks, however, 
because the maximum observed salinity reported for brown bullhead 
was IO parts per thousand (ppt) (Smith 1971, cited in Jones et a!. 
1976). Pumpkinseed have been reported to occur in salinities up to 
18.7 ppt (Hildebrand and Schroeder 1928, cited in Jones et al. 1978), 
although Lippson and Lippson (1984) suggested that pumpkinseed 
occured infrequently in waters 10 ppt or greater. Based on these 
salinity preferences, we believe it is unlikely that the two target 
species moved between creeks in significant numbers. 

We have also included some results for white catfish, another 
common lctaiurid in the lower Neuse River. Atthough less abundant 
in our samples than brown bullhead, Nelson and Little (1985) 
collected substantially more white catfish than any other lctalurid at 
sites about 15 km upstream of New Bern. White catfish feed 
predominately on fish (Steven 1959, cited in Carlander 1969), and 
might therefore be less directly impacted by contaminated sediments 
than brown bullhead. 

Collection 
Sampling was conducted during three periods from early spring 

to late summer of 1992 (Table 1). To obtain a wide range of species, 
we collected samples using fyke nets, experimental monofilament gill 
nets (12,25, 37, 50, and 62 mm bar mesh panels), and electrofishing. 
We were unsuccessful in attempts to use seines to collect young-of- 
year fishes, because of the soft mud bottom and numerous 
submerged snags encountered. 

Sample sites, corresponding to 200-meter segments of 
shoreline, were selected randomly in each creek. Five random sites 
per creek were selected for each of the three gear types. Wtiin a 
gear type, sites were selected without replacement, but sites were 
replaced before selecting sites for the next gear type. Sample sites 
were re-selected for each sampling period. 

For each fyke or gill net sample, the net was set at a site for 48 
hours, and checked four times (morning and afternoon) within that 
period. For each eiectrofishing sample, the shoreline of a selected 
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site was sampled for 600 seconds. Identical sampling effort was 
used for each sampling period in each creek, except that 
electrofishing could not be conducted during the July 27-August 4 
sampling period because of prohibitively high salinities in Goose and 
Hancock Creeks (Table 1). 

All pumpkinseed and brown bullhead were placed on ice when 
captured, and subsequently frozen for later age determination and 
he&h assessment. Some brown bullhead were necropsied fresh in 
the field so that livers could be frozen immediately in liquid nitrogen 
for mixed function oxidase (MFO) analysis. 

For ail other species captured, we identified the fish to species, 
measured total length to the nearest millimeter, and noted any 
external lesions, parasites, or other abnormalities. Al! non-target 
species were released alive when possible. Representative 
individuals from unknown species were collected for positive 
identification. 

Because the above sampiing methods yielded fewer brown 
bullhead than expected, we also collected brown bullhead using 
baited jug lines (single baited hooks suspended from free-floating 
plastic jugs) and baited trot lines. During June 24-June 26,1992, we 
set 200 jug lines for one night in each creek (five jugs at each of 40 
random sites). Brown bullhead caught on these jug lines were 
necropsied fresh in the field, and their livers were frozen for MFO 
analysis. Brown bullhead collected with baited trot lines durhg 
October 22-25 and October 29.November 1,1992 were frozen for 
later necropsy. 

Fish health assessment 
Fish health assessment for brown bullhead and pumpkinseed 

followed the general protocol outlined by Goede and Barton(1990). 
Because of frequent large sample sizes, ‘full’ necropsies were 
performed on the first five fish randomly selected from a sample, and 
‘short’ necropsies were performed on the remaining fish. For ‘full’ 
necropsies, we measured total length to the nearest millimeter, whole 
carcass (uneviscerated) weight to the nearest gram, and liver, spleen, 
and gonad weights to the nearest 0.01 gram, and determined sex of 
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fish. Ratings were assigned for presence and severity of fin, dermai, 
oral, and gill lesions; lesions or abnormal appearence of liver and 
kidney; degree of liver discoloration; and relative parasite load of 
heart (pumpkinseed only), liver, and kidney. For “short” necropsies, 
we recorded length, whole carcass weight, liver and gonad weights, 
and sex of fish. Otoiiths were collected from both species, and 
pectoral and dorsal fish spines were collected from brown bullhead. 

Age determination 
As in earlier studies of Ictalurid age and growth (Sneed 1951, 

Marzolf 1955, Turner 1980, Rubec and Qadri 1982, Crumpton et al. 
1984, Quinn 1988, Blouin and Hall 1990), we used cross-sections 
taken from pectoral spines to estimate brown bullhead ages. Turner 
(1980) validated use of cross-sections cut from the articulating 
process for flathead catfish (qrladictis olivaris), based on 16 known- 
age fish and six fish aged when tagged and after recapture the 
following year. Crumpton et al. (1984) reported that comparable ages 
were obtained from the articulating process, basal recess, and mid- 
spine regions of brown bullhead, channel catfish (rctalurus 
punctatus), and white catfish pectoral spines. They recommended 
using mid-spine sections to avoid removing entire spines in order to 
determine age. Using a low speed saw, we obtained sections from 
both the articulating process and mid-spine regions of the right 
pectoral spine, except in cases where that spine was damaged. Each 
section was affixed to a glass slide and examined under transmitted 
light using a dissecting scope. We generally found the sections from 
the articulating process to be more readable and often noted obvious 
annuli that were missing on sections from the mid-spine region. 

Recent studies of Centrarchid age and growth have been based 
on ages obtained using both scales(Olmsted and Kilambi 1978, 
Hudson and Bulow 1984, Week 1984, Galloway and Kilambi 1988, 
Fox and Keast 1991) and otoliths (Taubert and Tranquilli 1982, Perry 
and Tranquilli 1984, Hoyer et al. 1985, Boxrucker 1986, Crawford et 
al. 1989, Hammers and Miranda 1991). Several of the recent studies 
have recommended otoliths rather than scales, for reasons such as: 
(1) easier to identify annuli, (2) fewer false annuli, and (3) higher 
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precision. We estimated pumpkinseed ages by counting annual 
growth rings on whole otoliths. Otoiiths were submersed in water in a 
black dish and examined under reflected light. 

For each species, we fitted von Bertalanffy growth curves to 
observed age and length data for each creek and sex: 

where La represents length at age a, L. is the asymptotic or 
maximum size, K is the Brody growth coefficient (growth rate toward 
the maximum), and to is the age at which the fish would have had 
zero length (if it had always grown in the manner described by the 
equation) (Ricker 1975). In order to fit lengths to ages of fish caught 
in different months, we expressed fish age as the age in years, plus a 
fraction corresponding to the proportion of the year between January 
1 and the sampling period. This method followed the convention of 
assigning a birthdate of January 1 to fish in the Northern Hemisphere. 

Analysis . 

We conducted all statistical tests at the 95Ob significance level. 
For linear models, we tested for differences among groups (e.g., 
creeks or sexes) using analysis of covariance. For nonlinear models, 
we used a reduced sum of squares test (Ratkowsky 1983) to 
compare among groups. Contingency table anaiyses were used to 
test for differences in frequency among categorical variables (e.g. 
presence of external lesions versus creek). 

We compared fish species composition among creeks using our 
catches from standardized fyke netting, gill neting, and electrofrshing. 
Total catches by species were compared among creeks using the 
graphical approach Carmichael et al. (1992) used to compare 
catches among Chesapeake Bay tributaries. 

For brown bullhead, we used a catch curve analysis (Ricker 
1975) to estimate the total instantaneous mortality rate (2) and 
annual survival rate (e-3 for ages fully vulnerable to the sampling 
gear. Our analyses of age composition and mortality were restricted 
to October 1992 data for Hancock and Siocum Creeks, as sample 
sizes were inadequate for other creek-period-gear combinations. 
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Sample sizes were not adequate to examine sex-related differences 
in mortality, although Sinnott and Ringier (1987) reported a higher 
mortality rate for female than male brown bullhead. 

We used length and weight data obtained from necropsied 
brown bullhead to determine whether differences existed between 
sexes or among creeks. We also compared liver weight:body weight 
rations and the relative frequencies of gross external lesions on the 
skin and within the oral cavity. Because the liver weighkbody weight 
relationship can vary seasonally (Chambers and Y&rough 1979, 
Sioof et al. 1983) and sample sizes were inadequate at other times, 
we limited our analysis of fish condition to October 1992 data only. 

ReNJltS 

Fish Community Analysis 
We collected 35 species from Hancock Creek, 33 from Siocum 

Creek, and 26 from Goose Creek (Table 2-3). The more common 
species occurred in all three creeks in similar proportions (Table 3, 
Figure 2). Two seasonalty important marine species, Atlantic 
menhaden and spot, and the resident species pumpkinseed were the 
three most common species in ail creeks. We found substantial 
differences in species composition by gear type (Table 4). For 
example, American menhaden, gizzard shad, and iongnose gar were 
captured almost exclusively in gill nets‘, whereas pumpkinseed were 
rarely caught in gill nets but were common in electrofishing and fyke 
net samples. 

Brown bullhead life history characteristics 

. . . ae comoosttlon apd survive 
Although sample sizes were small (Table 5). age and length 

distributions for brown bullhead were generally similar in October 
1992 samples from Hancock and Slocum Creeks (Figures 34). 
Based on pooled catches from all gears and periods, fish from 
Hancock and Slocum Creeks tended to be larger and older than 
those from Goose Creek (Figures 3-4). 
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Assuming that brown bullhead were fully recruited to the 
sampling gear at about age 4, we estimated that the total 
instantaneous mortality rate (2) was 1.04 (SE=1.04) for Hancock 
Creek and 0.51 (SE=O.lO) for Siocum Creek (Figure 5). Neither 
estimate was significantly different from 0 because of the small 
number of observations. Based on these preliminary estimates of 
mortality, the corresponding annual survival estimates would be 0.35 
for Hancock Creek and 0.60 for Slocum Creek. 

Growth 
Van Bertaianffy curves for the three creeks fitted the age-length 

data moderately well although there was substantial variability in 
length at age (Figure 6). Some of the variability was likely due to 
ageing error, as fin sections were sometimes difficult to interpret and 
had many marks that we assumed to be false annuli. in our within- 
creek comparisons, cumes for female and male brown bullhead were 
significantly different only for Siocum Creek, which had a higher 
asymptotic size for males (Table 6, Figure 6). When our sex-specific 
cumes were compared across creeks, we found no difference for 
females but a significant difference for males. That difference 
appeared to be due primarily to the estimates of Lm, which ranged 
from 411 mm for Slocum Creek to 331 mm for Goose Creek. 

For comparison with our results, we also fitted von Bertalanffy 
cures to mean length-at-age data for Muskeiiunge Lake, New York 
(Sinnott and Ringier 1987) and the Little River, Oklahoma (Finneii et 
al. 1956, cited by Carlander 1969) (Table 6). For the Muskeiiunge 
Lake data, we found that asymptotic size was larger for males than 
females but the difference was not significant. 

Condition 
For the two creeks with adequate sample sizes (Hancock and 

Slocum), we found no significant difference in length-weight 
relationship between sexes. Earlier studies (Biumer 1985, Rubec 
and Qadri 1982) also found no sex-related difference in the length- 
weight relationship. Based on these results, we compared fitted lines 
for all three creeks using pooled data from both sexes. The resulting 
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analysis of covariance indicated no significant difference among 
creeks, which is consistent with a graphical interpretation that 
observations for the three creeks are very similar (Figure 8). The 
linear model using In(iength) accounted for 98% of the variability in 
In(weight). 

We found no differences among creeks in the relative 
frequencies of either skin or oral lesions, neither of which was 
common in October samples (Tables 7-8). Skin lesions were 
relatively common in June samples from Hancock Creek, but that 
pattern did not persist in October samples. 

We found significant differences between sexes and among 
creeks in the liver weight-body weight relationship. For fish of a given 
body weight, liver weight was typically higher for female than male 
brown bullhead (Figure 8). We fitted separate linear models by sex 
and determined that creek differences persisted for females (Figure 
9). The slope relating liver weight to body weight was highest for 
Slocum Creek fish, although the lines for Goose and Slocum Creeks 
were similar. The difference in linear models among creeks was not 
significant for males (Figure 10). However, only two male brown 
bullhead were collected in Goose Creek in October samples, so the 
power of the test was low. 

For comparison with previous studies, we also examined liver 
weightbody weight ratios (the hepatosomatic index or HSl), based on 
necropsy of frozen fish collected in October 1992 and fresh fish 
collected in June-July 1991 (Table 9). For 1992 samples, sex and 
creek differences were both significant based on an analysis of 
variance. HSI was highest for Goose Creek, intermediate for Slocum 
Creek, and lowest for Hancock Creek. .When analyzed separately by 
sex, creek differences were significant for male but not female fish. 

White catfish life history characteristics 

ae comoosition and sun&al 
Sample sizes were not adequate to test differences in age 

composition among creeks, as the small numbers collected were 
obtained using several gears over several periods (Table 10). Plots 
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of catch data pooled over period, gear type, and sex suggest that age 
distributions were generally similar among creeks (Figure 11). Using 
age four as the age of full recruitment, we fitted catch curves to the 
pooled datasets and found no significant differences in mortality rate 
among creeks (Figure 12). The estimated instantaneous total 
mortality rate (Z) for ail three creeks was 0.41, which corresponded to 
an annual survival rate of 0.66. 

Growth 
Sample sizes were not adequate to fit von Bertalanffy curves 

separately by creek and sex. We fitted a single model to pooled age- 
length data from all creeks and sexes but were only able to obtain a 
converged solution by using average size at age for all creeks and 
sexes (Table 1 I, Figure 13). For comparison with our results, we 
also fitted a von Bertaianffy curve to age-length data from Santee- 
Cooper Lake, South Carolina (Stevens 1959) Fable 11). We were 
unable to fii a von Bertaianffy curve to published age-length data for 
the Patuxent River, Maryland, because growth was essentially linear 
over the reported range of ages (Schwartz and Jachowski 1965). A 
linear model relating size to age accounted for essentially all 
variability in length (P=O.99) for the Patuxent River data (Table 1 I). 

. . bnath-weiaht rel@nshlpS 
Sample sizes by creek, period, and sex were small for white 

catfish so we were unable to t?st for differences in the length-weight 
relationship among creeks. The plotted length-weight data were 
similar among creeks (Figure 14), and a linear model using in(iength) 
accounted for 92O/6 of the variability in In(weight). The fitted model 
was In(weight)=-12.14943+3.16720 In(length). 
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Pumpkinseed life history characteristics 

Growth 
Von Bertatanffy growth curves provided a good fit to the 

pumpkinseed age and growth data (Figures 1516). Growth curves 
for female and male pumpkinseed differed significantly in all three 
creeks, with females having a higher asymptotic size and lower 
growth rate (Table 12). We tested for creek differences using sex- 
specific curves and found significant differences among creeks for 
both sexes. For comparison with our results, we also fitted von 
Bertalanffy curves to estimates of mean size at age for pumpkinseed 
from the Pequimans and Chowan Rivers (Kornegay et al. 1994) 
(Table 72). Growth at ages l-5 was essentially linear within the 
Pequimans River, resulting in unreliable estimates of asymptotic size 
and growth rate. 

Discussion 
Fish Community Analysis 

Numerous prior studies have shown that habit alteration, 
including increased levels of pollution, can effect fish species 
composition (Kan 1981, Kan et al. 1986, Kan et al. 1987, Fausch et 
al. 1990, Jordan et al. 1991). More tolerant species, such as 
generalized benthic feeders or certain planktonic feeders, can 
comprise a large fraction of the total fish assemblage in degraded 
environments (Miller et al. 1988). 

Based on our standardized samplirig, we saw no clear evidence 
of reduced habitat quality within Slocum Creek. Our estimates of 
species richness (26-35 species collected) were similar among 
creeks, and Carmichael et al. (1992) reported similar levels of species 
richness (23-48 species) in seine and trawl samples from 
Chesapeake Bay tributaries. The combination of gears that we used 
probably collected most of the larger species occurring within the 
study areas, although had seining been possible, additional small 
species would likely have been collected. 



E-14 

We did find that Atlantic menhaden and gizzard shad were 
considerably more common in Slocum Creek than in the other two 
creeks (Table 3). Jordan et al. (1991) classified those species as 
pollution-tolerant, although gizzard shad was given an intermediate 
tolerance rating in the North Carolina Index of Biotic Integrity (J. 
Overton, North Carolina Division of Environmental Management, 
unpublished report). Dominance by planktonic feeders such as shad 
(Clupeidae) and anchovies (Engraulidae) can indicate degraded 
conditions, although high catches may also be a result of the 
schooling behavior of a transient visitor (Miller et al. 1988, Carmichael 
et al.1 992). 

Anadromous species (particularly catches of juveniles) have 
been used as indicators of good water quality because of their 
sensitive early life stages and reduced abundance in degraded 
systems (Jordan et al. 1991, Carmichael et al.‘1 992). in the North 
Carolina Index of Biotic Integrity, anadromous adults were classified 
as having an intermediate tolerance rating. In our catches of 
anadromous adults or subadults, we found that alewife were more 
common within Slocum Creek, whereas striped bass, hickory shad, 
and American shad were found only within Goose or Hancock 
Creeks. Our catches of anadromous species were small in all cases, 
so the differences among creeks could be due to chance or 
differences in salinity. Hawkins (1980) reported that Slocum Creek 
was an important spawning area for the anadromous complex 
referred to as river herring. That complex is comprised of alewife and 
blueback herring (A&a aestevalis), with the latter species accounting 
for about 85%of the total in the Neuse River (Hawkins 1980). 
Hawkins (1980) found that most spawning sites for hickory shad and 
American shad were upstream of New Bern; thus the absence of 
those species in Slocum Creek samples is not suprising. Baker 
(1968) reported that adult striped bass and river herring occurred 
within Goose, Hancock, and Slocum Creeks. He also reported that 
American shad occurred within Goose and Hancock Creeks, but not 
within Slocum Creek. 
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Brown bullhead life history characteristics 

& comoosition~ and survival 
One indication of a contaminant effect is a truncated age 

distribution. We estimated that 61% of the age-3+ fish were age 5 or 
older in Hancock Creek, compared to 43% in SloCum Creek. ln 
comparison, Baumann et al. (I 990) found that age-5+ fish 
represented only 1-7O/6 of fish 250 mm and larger in the heavily 
polluted Black River, compared to 3468% from a reference site. 
(They excluded fish smaller than 250 mm total length because 
Baumann et al. (1987) found that fish younger than age 3 rarely had 
liver tumors.) Sinnott and Ringler (1987) used trap nets, a gill net, a 
boat-mounted electroshocker, and angling to collect brown bullhead 
within a eutrophic (but presumably uncontaminated) New York lake. 
Their age data indicated that brown bullhead age 5 and older 
comprised 27% of the fish age 3 and older. Thus, our estimates were 
generally similar to values from uncontaminated sites. The, difference 
we observed between creeks was due primarily to the catch of age-4 
versus age-5 fish in the two creeks (Figure 3). That difference could 
be due to a number of factors: small sample sizes, ageing error, 
differences in year-class strength, presence of contaminants, or 
differences in angler harvest. 

A related approach for establishjng a contaminant effect would 
be based on the estimated survival rate of adults. Our estimates for 
fish ages 4-6 were 0.35 for Hancock Creek and 0.60 for Slocum 
Creek. These estimates should be viewed as first approximations, as 
sample sizes were in some cases lower than the recommended 
minimum of five individuals per age class (Van Den Avyle 1993). 
Despite the small sample sizes, the Slocum Creek data appeared to 
be consistent with the assumption that mortality rate was constant for 
fish ages 4-6 (Figure 5). The estimates for both creeks were 
comparable to those obtained in other systems not affected by 
contaminants. Sinnott and Ringler (I 987) reported survival rates of 
0.33 and 0.26 for male and female brown bullhead, respectively, from 
Muskellunge Lake, New York. McCammon and Seeley (1961) used 
tag returns over a five-year period to estimate an annual survival rate 
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of 0.76 in Clear Lake, California. Rawston (1967) used tag return 
data for a two-year period to estimate an annual survival rate of 0.52 
for Folsom Lake, California. 

In comparison to the Hancock and Slocum Creek brown 
bullhead, Goose Creek fish tended to be smaller and younger 
(Figures 3-4). The similar patterns for age and length distributions 
suggests that ageing error was not a major source of bias in 
comparing among creeks. The difference could be due to period or 
gear type, however, as July-August fyke netting accounted for a 
majority of the Goose Creek fish, whereas most Hancock and Slocum 
Creek fish were obtained by October hook-and-line sampling. Nelson 
and Liile (1985) collected significantly larger white catfish using 
trotlines and electrofishing than using hoop nets. 

Growth 
Our estimates of asymptotic size were consistent with the 

results from Muskellunge Lake, New York and the Ottawa River 
(Table 6). The estimate of asymptotic size for the Little River was 
based on fish ages I-5 only, so it should not be considered reliable. 
Our estimates of size at ages 4-5 were similar to those obtained by 
Finnell et al. (1956). 

Fish from our study areas reached their maximum size much 
more rapidly than did fish from the other areas, assuming that our 
age data were approximately correct (Table 6, Figure 17). It is not 
unreasonable that growth rates from North Carolina tidal creeks 
would be greater than those from more northern waters, but a lower K 
also was obtained for the Oklahoma data. An alternative explanation 
could be ageing error, although our age estimates would have to be 
several years too low to account for the difference. For example, 
asymptotic size was reached at about age 5 in our study areas, 
compared to about age IO-15 for Ottawa River and Muskellunge 
Lake fish. One relevant difference is that, in the earlier studies, back- 
calculated lengths were used to fit growth curves, so estimates of 
size at younger ages were available. We restricted our analysis to 
observed size at age; consequently, we had few estimates of size at 
ages I-2 that would constrain our estimates of K. Better estimates of 
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K could be obtained for our study area by sampling specifically for 
smaller brown bullhead, but unless the age data for older fish were 
grossly in error, growth rate will remain higher than observed in the 
earlier studies. Based on these results, we see no evidence of a 
contaminant effect on growth of brown bullhead from Slocum Creek. 

Condition 
The relationship between fish length and weight is commonly 

used as a measure of fish condition (Anderson and Gutreuter 1983). 
Cur estimated length-weight relationship for brown bullhead from 
Goose, Hancock, and Slocum Creeks was similar to other published 
relationships (Figure 18). Smaller fish from our sites tended to weigh 
less than fish from other areas, but larger fish were generally heavier 
than fish of the same size in other systems. A slope of about 3 
indicates average condition; thus, the estimated slope for this study 
(3.4) indicated fish that were increasingfy robust with size. Fish from 
two Ottawa River sites (Kettle Island Bay and Upper Duck Island) 
were clearly in poor condition (Figure 18), which illustrates that the 
length-weight relationship can be an effective measure of habitat 
quality. Those sites were in the vicinity of a paper mill and wood-fiber 
blanketed much of the substrate in that region (Rubec and Qadri 
1982). Note that our results were obtained from frozen specimens. 
and would slightly underestimate weight at length for fresh fish. 
Rubec and Qadri (1982) reported that frozen brown bullhead lost 
1.4% of their total length and 8.7% of their original weight. Note also 
that some differences among studies could be due to when fish were 
collected. We used fish collected in October, compared to July- 
August for Flubec and Qadri (1982) and May-July for Sinnott and 
Ringler (1987). The date of collection was not available for the study 
conducted by Priegel(l966). 

Another indication of a degraded environment is an increase in 
the incidence of lesions and tumors (Karr 1981, Baumann et al. 1987, 
1990, 1991; Baumann 1992). We found that skin and oral lesions 
were uncommon on brown bullhead collected in October sampling, 
and no differences among creeks were detected. Skin lesions were 
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more common in June samples but our sample sizes were 
inadequate to characterize a seasonal effect. 

An increase in fish liver weight relative to body weight has also 
been observed in contaminated systems. Baumann et al. (1991) 
found brown bullhead liver weight:body weight ratios to vary 
significantly among sites within the Great Lakes basin. Fabacher and 
Baumann (1985) found significantly higher liver weight:body weight 
ratios in the contaminated Black River than at a reference site. 
Adams et al. (1992) found that redbreast sunfiSh liver weight:body 
weight ratios were significantly higher at two contaminated sites than 
at a reference site. Of particular interest for this study, Gallagher and 
Di Giulio (1989) reported that Slocum Creek brown bullhead had 
significantly higher liver weight:body weight ratios than did brown 
bullhead collected from Hancock Creek. 

Our analyses suggested that liver weight:body weight ratios 
were lower in Hancock Creek than in Goose and Slocum Creeks, 
although the significance level varied depending on the analytical 
approach used. Of greater relevance is the observation that our 
estimated means were in all cases substantially lower than those 
obtained in earlier studies from contaminated sites (Table 9). For 
example, within the Great Lakes basin, the Fox, Menominee, 
Cuyahoga, and Black Rivers were reported to be contaminated and 
mean HSI ranged from 0.020 to 0.035 in those systems. Gallagher 
and Di Giulio (1989) reported a much higher value for Slocum Creek 
than we obtained, although sexes were pooled in that study and 
sample sizes were small. We found significant differences between 
sexes in both liver weight:body weight regression equations and 
HSls, with values for female brown bullhead being somewhat higher. 
The time of collection was not available for all earlier studies so some 
differences could also be due to seasonal changes. Ratios tend to be - 
lowest just prior to spawning when gonads comprise a large 
proportion of total body weight (Chambers and Yarbrough 1979). Our 
estimates from October 1992 should represent a conservative 
assessment of contaminant effects, since spawning typically occurs 
in early spring to eariy summer (see Blumer 1985 and references 
therein). Another potential difference may be the mixture of 



E-19 

contaminants to which fish from different systems have been 
exposed. tieavy metals have been the contaminants of primary 
concern within Slocum Creek, whereas Adams et al. (1992) 
evaluated sites contaminated by PCBs and mercury, and sites within 
the Great Lakes basin had combinations of heavy metals, polynuclear 
aromatic hydrocarbons, and polychlorinated aromatic compounds 
(Baumann et al. 1991). 

White catfish life history characteristics 

Aae composition and survival 
Although sample sizes were small, it appeared that age 

composition was generally similar among creeks. Our preliminary 
estimate of annual survival was 0.66, based on samples pooled over 
creeks, gears, and sexes. That value is comparable to estimates of 
0.55 and 0.81 obtained through tagging studies for white catfish from 
California resenroirs (McCammon and Seeley 1961, Rawstron 1967). 
Based on these results, we see no obvious indication that 
contaminants have reduced the survival of whiie catfish within 
Slocum Creek 

Growth 
We found substantial variability in the age:length relationship 

for white catfish from Goose, Hancock, and Slocum Creeks and 
encountered difficulty in ftiing a von Bertalanffy cuwe to the data 
(Figure 13). The difficulty may have been due in part to the wide 
range of ages for fish 300400 mm in length, probably due to ageing 
error. The growth pattern appeared to be particularly anomalous for 
male white catfish from Goose Creek. A better fit would have been 
obtained if we had collected some age-1 fish and older fish for which 
growth had clearly slowed. The latter group would better constrain 
our estimates of asymptotic size. 

Fish that were estimated to be ages 2-8 from Goose, 
Hancock, and Slocum Creeks were generally larger than fish from 
Santee-Cooper Lake (Figure 13)‘ although asymptotic size was 
similar (Table 7). If misageing was occurring, the difference in growth 
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curves would imply that fish from our study were I-2 years older than 
we estimated. Fish from our study sites were considerably larger 
than fish of the same ages from the Patuxent River, Maryland (Figure 
13). Our interpretation of these results is that white catfish within our 
study sites show rapid growth, or have been underaged by at least l- 
2 years. Either result-would be uncharacteristic of a highly 
contaminated system. Sample sizes were inadequate to compare 
growth models among creeks, but the age-length data from S&urn 
Creek were similar to those from Goose and Hancock Creeks. Thus, 
we see no evidence of a contaminant effect in the results for white 
catfish. 

bnoth-weiaht relationships 
Our length-weight data for white catfish were similar among 

study sites. The relationship obtained by fitting pooled data from all 
creeks and sexes (Figure 14) was similar to a published relationship 
for Alabama waters (Swingle 1965, cited in Carlander 1969). Fish 
from Slocum, Hancock, and Goose Creeks tended to be slightly 
heavier than fish of comparable size from Alabama waters. 

Pumpkinseed life history characteristics 

We detected consistent differences between sexes and among 
creeks in von Bertalanffy growth curves for pumpkinseed. Asymptotic 
size was greater for females than males in all three creeks. In 
comparing among creeks, the largest asymptotic sizes were for 
Goose Creek fish and the smallest were for Slocum Creek fish; 
however, the Slocum Creek estimates may be biased by the lack of 
older fish. We did not collect any pumpkinseed age five or older from 
Slocum’Creek, and age4 fish only comprised 4% of the total. We 
also collected fewer large pumpkinseed in Slocum Creek than in the 
two reference creeks, so the lack of old fish was probably not due to 
ageing error. 

The estimate of asymptotic size for Chowan River pumpkinseed 
was slightly larger than the values we obtained for Goose, Hancock, 
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and Slocum Creeks (Table 12, Figure 19). Additional older fish would 
need to be collected from the Perquimans River in order to reliably 
estimate asymptotic size and growth rate within that system. 
Although predicted size at age one for Perquimans and Chowan 
River fish was similar to the values we obtained for Hancock and 
Slocum Creeks, fish ages 2-4 from our study sites were considerably 
larger than the estimates Kornegay et al. (1994) obtained. The 
difference could indicate that we consistently missed the second 
annulus on the otoliths. However, pumpkinseed otoliths appeared to 
be very easy to interpret, so we suspect that the difference in size at 
age was due to faster growth within our tidal creeks. 

Conclusions 

To determine if the fish fauna of Slocum Creek had been 
affected by high sediment levels of contaminants, we compared fish 
resources within Slocum Creek and two nearby reference creeks at 
the assemblage, population, and individual levels. At the assemblage 
level, we found species composition to be similar among creeks. The 
number of species collected was similar to estuarine sites within 
Chesapeake Bay. At the population level, we found age composition, 
survival and growth of brown bullhead and white catfish to be similar 
among creeks and to published resufts from other systems. 
Pumpkinseed growth differed significantty among creeks, but growth 
within Slocum Creek was better than published results from other 
coastal North Carolina populations. We found relatively few older 
pumpkinseed within Slocum Creek, which could be due to 
contaminants or to fishing pressure. At the individual level, length- 
weight relationships for brown bullhead and white catfish were similar 
among creeks and to published results. The liver weightbody weight 
ratio, which is a widely used indicator of contaminant effects in fish, 
was low for brown bullhead in all three study creeks compared to 
other areas. 
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Studies from other contaminated systems have shown the 
approaches we used to be effective in documenting contaminant 
effects on fish. We conclude that there is no evidence to support 
significant contaminant effects on fish within Slocum Creek. 
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Table 1. Mean salinity and temperature for standardized fyke netting, 
gill netting, and electrofishing in Goose, Hancock, and Slocum 
Creeks conducted during 1992. Salinity and temperature values are 
means and standard deviations (SD) for sampled sites during each 
period. 

Date 
Mar 2-l 7 

Salinity Temperature 
Surface SD Bottom SD Surface SD Bottom SD 

2.8 2.2 5.4 2.4 122 1.8 13.1 1.0 
2.8 1.6 5.0 1.3 26.1 2.3 262 1.6 

SlocUftl 1.3 1.3 4.2 2.1 20.1 2.9 20.7 2.5 

Jun 2-14 22 1.5 9.6 1.5 23.2 1.4 22.8 0.6 
Hancock 62 0.7 6.8 0.6 272 1.3 25.7 1.3 
Slocum 1.1 1.1 3.7 12 23.0 1.7 20.7 2.7 

Jul27-Aug 4 &~EI 9.1 0.8 10.9 1.5 292 0.9 28.3 0.9 
Hancock 10.5 1.0 10.6 1.1 31.3 0.8 30.0 0.4 
stocum 6.5 1.6 7.7 0.9 30.4 1.5 29.1 1.9 

oct22-31 Gmee 8.9 0.9 9.1 0.9 18.0 1.7 17.7 1.1 
6.5 1.6 6.9 0.8 18.9 1.6 18.9 12 

SlOCWll 42 9.0 5.0 1.0 16.4 2.3 17.8 0.9 
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Table 2. Common and scientific names (Robins et al. 1991) of the 
species collected by fyke netting, gill netting, and electrofishing within 
Goose, Hancock, and Slocum Creeks during March-August, 1992. 

SpeckiS 

Atlantic menhaden 

Spot 
Pumpkinseed 

Striped mullet 

Gizzard shad 

longnose gar 

Redear sunfish 

Bluegill 

Black crappie 

Largemouth bass 

Goiden shiner 

AthticuoElker 

White cattish 

Brown bullhead 

Fliir 

Chain pickerel 

Red drum 

Pinfiih 

Creek chubsucker 

Southern flounder 

American eel 

Yellow perch 

Scientific name 

Brevootii~ tyrannus 

Leiostomus xantiwws 

Lepomis gibossus 

Mugil cephalus 

Dc~msom3 cepdianum 

Lepisosteus osseus 

Lepomis miuvlophus 

Lepomis macfwhifus 

ponrrxrds nigtv~wbtus 

Micmptt3nJs salmolw 

Notemigonus ctysokm 

Mjuvpogonnulatus 

AmdlmIsalls 

Amieunlsnebuksus 

centrercttusrmaQptenls 

Esaxniger 

sclaenops oc8ma 

Legodonfiw~ 

Ehnyzon oblongus 

PaIal~~rna 

Angllllla lvstma 

Pena fhvesa3ns 

cvprinuscarp~ 

Monmeam8ricana 

Ardfacalm 

Aha pseufohamngus 

Menidia beryllina 

LepomisglIlosus 

G6mbusiaspp. 

white perch 

Bowfin 

Alewife 

Inland silverside 

Warmouth 

Eastern mosquitof~h 
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Table 2 continued. 

Species Scientific name 

Redbreast sunfish Lepomis autitus 

Hogchoker Thecites maculatus 

Threadfin shad Dor~soma p9lenense 

Redfin pi&en31 &ox americanus 

striped bass Molvne saxatilis 

Blllefiih Pomatomus sati%ttix 

Spotted ma trout Cynoscion nebulosus 

Bluespotted sunfiih theacanthus glotiosus 

Hickory shad Alosamediocris 

Sibr perch Bairdiella chywfa 

American shad Alosa sapidissima 

Atlantic needlefish Stmngyiwa metina 

Ladyfish Elops sauns 
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Table 2 continued. 

Species Scientific name 

Redbreast sunfish Lepomis at&is 

Hogchoker Ttinectes maculatus 

Threadfin shad Domsoma petenense 

Redfin pickerel E&ox americanus 

stffpedbass Morvne saxatiik 

Bluefish Pomatomus sattattix 

Spotted sea trout Cynoscion nebuk2sus 

Bluespotted sunfiih Enneacantiws glorbsus 

Hickory shad Alosa n?Bdm 

Sirperch Bairdida chysura 

American shad Alosa sapidissirna 

Atlantic needlefish smlgylm mama 

bdytish Eiopssaunrs 
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Table 3. Total number of fish collected by species and creek using 
fyke nets, gill nets, and electrofishing during March-August, 1992. 

species 

Catch Catch 

Slocum Cr. Hancock Cr. 

Catch 

Goose Cr. Total catch 

Atlantic menhaden 1707 

spot 360 
Pumpkinseed 268 
Striped mullet 267 
Gizzard shed 124 
Lon&osegar 97 
Redear sunfish 39 
Bluegill 38 
Black crappie 38 
Largemouth bass 36 
Golden shiner 26 
Atlantic croaker 19 
White catfish 17 
Brown bullhead 15 
Flier 15 
Chain pickerel 14 
Red drum 12 
Pinfsh 11 
Creek chubsucker 11 
Southern flounder 10 
American eel 9 
Yelbw perch 8 

-rp 8 
Whbp8fCh 7 
0owiin 7 
AlewIfe 6 
Inland sih!enide 6 
warmouth 4 
Eastern mosquitofsh 4 
Redbreast sunfiuh 3 
Hoschobr 2 

585 
152 
461 

74 
55 

107 
0 

13 
2 

48 
19 
16 

1 
14 

6 
11 
2 

l 

3 
4 

18 
12 

8 
5 
4 
1 
0 
2 
4 
0 
0 
0 

247 
397 

77 
26 
42 

2 
45 

0 
82 

I 
1 

21 
22 

2 
2 
2 

19 
0 

45 
2 

60 
0 
0 
1 
2 
0 
8 
0 
0 
0 

2619 
909 

1073 
418 
205 
246 

41 
96 
40 

166 
46 
36 
39 
51 
23 
27 
16 
33 
15 
73 
23 
76 
13 
11 

9 
8 
8 

16 
4 
3 
2 
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Table 3 continued. 

Catch Catch Catch 

species Sbcum Cr. Hancock Cr. Goose Cr. Total catch 
Threadfin shad 2 0 0 2 
Redfin pickerel 1 0 0 1 
striped bass 0 1 7 8 
Bluefish 0 6 0 6 
spottecl sea frouf 0 6 0 6 
Bluespotted sunfish 0 2 2 4 
Hickory shed 0 3 1 4 
Siber perch 0 3 0 3 
American shed 0 1 0 1 
Atlantic needlefiih 0 1 0 1 
Ladytish 0 1 0 1 
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Table 4. Total number of fish collected by species and gear from 
Goose, Hancock, and Slocum Creeks combined during March- 
August, 1992. 

Species 

Catch 

Electroshock 

Catch 

Fyke Net 

Atlantic menhaden 

spot 

Pumpkinseed 

Striped mullet 

Gizzard shad 

Longnose gar 

Redear sunfish 

Bluegill 

Black crappie 

Largemouth bass 

Golden shiner 

Atlantiicroaker 

White catfish 

Brown bullhead 

Fliir 

Chain pickerel 

Red drum 

Pinfiih 

Creek chubsucker 

Southern flounder 

Arrmrican eel 

Y8kW PWCh 

Whlte perch 

Bowfin 

Alewife 

lnland silverside 

Wamwth 

Eastemmosquttofish 

Redbreastsunfii 

2 5 
83 8 

485 574 
53 13 

1 6 
3 16 

37 4 
25 68 

6 15 
95 30 

5 10 
12 0 

4 6 
13 32 

3 18 
22 2 

9 0 
26 1 

9 3 
IO 48 
23 0 
25 50 

8 3 
3 3 
4 1 
0 1 
8 0 
5 9 
4 0 
3 0 

Catch 

Gill Net Total catch 

2612 
818 

14 
352 
198 
227 

0 
3 

19 
41 
31 
24 
29 

6 
2 
3 
7 
6 
3 

15 
0 
1 
2 
5 
4 
7 
0 
2 
0 
0 

2619 
909 

1073 
418 
205 
246 

41 
96 
40 

166 
46 
36 
39 
51 
23 
27 
16 
33 
15 
73 
23 
76 
13 
11 

9 
8 
8 

16 
4 
3 
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Table 4 continued. 

Catch Catch Catch 

Species Electroshock Fyke Net Gill Net Total catch 
Hogchoker 2 0 0 2 
Threadfin shad 0 0 2 2 
Redfin pickerel 1 0 0 1 
striped bass 0 I 7 8 
Bluefish 0 0 6 6 
Spotted seatrout 0 0 6 6 
Blu&potted sunfsh 3 0 1 4 
Hickory shad 0 0 4' 4 
Sihmr perch 0 0 3 3 
American shad 0 0 1 I 
Atlantic nwdlefiih 0 0 1 1 
-Wh 0 0 1 1 
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Table 5. Number of brown bullhead collected by creek, period, and 
sex. 

Sex Period Goose l-lancock Slocum Total 
Female Mar 0 0 0 0 

Jun 0 6 5 II 
JuVAug 6 0 0 6 
OCt 5 I2 18 35 
Total 11 I8 23 52 

Male Mar 0 0 I I 
Jun 4 9 3 16 
JuVAug 13 0 3 16 
act 2 23 12 37 
Total 19 32 19 70 
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Table 6. Von Bertalanffy growth parameters for various populations of 
brown bullhead. 

Location S0X L, (mm) K to Study 

Goose Creek female 

male 

combined 

0.03 present study 
0.68 

0.61 

Hancock Creek female 

corntimed 

222 

2.03 

2.11 

Slocum Creek female 

combined 

2.33 

-3.n 

1.72 

All creeks combined female 

combined 

355.0 0.508 

330.5 1 .oT7 

334.8 0.908 

351.2 2.097 

370.4 1.330 

363.2 1.569 

357.3 2.343 

410.8 0514 

370.8 1.759 

357.7 0.845 

391.8 0.547 

375.2 0.855 

0.78 . 

0.35 

033 

Upper Ottawa River combined 

Lower Ottawa River combined 

Hawkesbury combined 

hhskellunge Lake female 

male 

combined 

386.6 0284 -0.40 Rubec and 

325.7 0222 -1.16 Qadri 1982 

371.7 0216 -1.36 

343.4 0256 -0.96 Sinnott and 
397.7 0.190 -120 Rmgler 1987 

387.3 0.196 -121 

Little RiV8t, m combined 543.3 0227 020 Finnell et al. 1956 
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Table 7. Incidence of skin lesions for brown bullhead coliected from 
Goose, Hancock, and Slocum Creeks during March-October, 1992. 

Period 
Skin lesion categories 

Creek None Singie Few Many Total 

March Goose 
Hancock 
Siocum 1 0 1 0 2 

June Goose 2 1 0 Hancock 1 4 4 
3 ‘2 Slocum 6 15 5 
0 0 3 8 

JuVAug Goose 13 5 0 Hancock 1 19 

Siocum 0 2 0 I 3 

act Goose 
Hancock 

Slocum 

5 1 0 1 7 29 
4 0 I 

22 
34 

6 2 * 0 30 
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Table 9. Mean liver weight:body weight ratio (HSI) and standard error 
(SE) by sex and creek for brown bullhead collected from Goose, 
Hancock, and Slocum Creeks during 1991-1992, compared to 
estimates from previous studies. Results from the present study for 
1991 and 1992 were based on necropsy of fresh and frozen fish, 
respectively. 
Location Sex n Mean HSI SE Study 

&XX8 Cr88k 

Hancock Creek 

Slocum Creek 

Hancock Creek 

Slocum Creek 

Hog Island 

New Bern 

Fox R. 

M8IlOmin88 R. 

Munuscong L. 

Cuyahoga R. 

Black R. 

BUCk8y8 Lake Female 

Hancock Creek Unspec. 4 

Slocum Creek 6 

Female 5 0.017 0.001 Present:1 992 

httd8 2 0.018 0.002 

Female 11 0.016 0.001 

Mai8 23 0.013 0.001 

Female 18 0.017 0.001 

ht8 12 0.015 0.001 

F8m8.b 

M&8 

Female 

Female 

female 

Unsp8c. 

Femaie 

0.012 

0.010 

0.011 

0.014 

0.015 

0.014 

0.014 

0.001 Presentzl991 

NA 

0.002 

0.000 

0.001 

NA 

0.006 

31 0.022 NA Baumann et al. 1991 

39 0.020 NA 

68 0.026 NA 

71 0.026 NA 

22 

10 

6 

15 

0.034 

0.035 

0.020 

0.020 

0.019 

0.029 

0.002 Fabacher and 

Baumann 1965 

0.003 (fish without liier 

0.004 parasites or tumors) 

0.002 

0.002 Gallagher and Di 

Giulio 1989 

0.002 
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Table IO. Number of white catfish collected by creek, period, and 
sex. 

Sex Period Goose Hancock Slocum Total 
Female Mar 0 0 0 0 

Jun 10 1 \ 2 13 
JuYAug 4 4 0 8 
act 0 3 0 3 
Total 14 8 2 24 

Male Mar 
Jun 
Jul/Aug 
od 
Total 

6 4 6 16 
3 2 0 5 
1 2 1 4 

10 8 7 25 

. 
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Table 11. Fitted growth models for Goose, Hancock, and Siocum 
Creeks versus Santee-Cooper Lake (Stevens 1959) and the Patuxent 
River (Schwartz and Jachowski 1965). For the Patuxent River data, 
the fitted model was iength=bo+bl~age. 

Location Parameter Estimate Study 

Goose, L (mm) 
Hancock, K 
Slocum b 

776.1 present study 
0.073 
-4.07 

Santee-Cooper L (mm) 
Lake K 

to 

786.4 Stevens 
0.102 

-0.022 

Patuxent River Intercept (bo) 74.7 Schwartz and 
Slope @I) 34.2 Jachowski 
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Table 12. Von Bertalanffy growth parameters for pumpkinseed 
collected from Goose, Hancock and Slocum Creeks, compared to 
cumes fitted to age-length data for Perquimans River and Chowan 
River pumpkinseed (sexes combined; Kornegay et al. 1994). 

Location Sex. n L K to Study 
GOOS8 Ck. 

t-iancock Ck. 

Slocum Ck. 

Female 

Male 

Female 

Female 

Male 

Perquimans FL Combined 82 554.8 0.067 

Chowan FL Combined 112 208.3 0.369 

164 192.3 0.576 -0.20 Present 
171 183.9 0.752 -0.20 
176 187.5 0.701 0.43 

273 179.2 1.198 0.81 

125 175.2 0.800 0.42 

137 173.7 1.147 0.64 

-1.02 Komegay et 

al. 

0.16 
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Figure 1. Location of study areas where fishery sampling was 
conducted. 
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Figure 2. Loglo(catch) by species and creek. The species are 
ordered based on catches from Slocum Creek. Species that were not 
collected in Slocum Creek were-ordered based on their average catch 
rates for the remaining creeks. 
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Figure 3. Age distributions for brown bullhead from Hancock and 
Slocum Creeks (sexes combined) collected by hook-and-line 
sampling during October 1992 (upper panel); from Goose, Hancock, 
and Slocum Creeks using samples from all periods, gears, and sexes 
(center panel); and Muskellunge Lake, New York (lower panel: 
Sinnott and Ringler 1987). Resufts provided by Sinnott and Ringler 
(1987) are based on pooled trap net, gill net, electrofishing, and 
angler samples. 
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Figure 4. Length composition data for brown bullhead from October 
1992 hook-and-line samples (upper panel) and from all periods and 
gears combined (lower panel). Goose Creek data was excluded from 
the upper panel because of the small sample size. 



October hook-and-line 
30 

25 

z 20 r 

5 350 375 400 425 
Total length (mm) 

All periods, gears wmblned 

I Hancock(n=35) 
I 

I cl Slocum (n=30) 
I 

Goqse (r-MO) 

Hancock (n-50) 

El 
Slocum (n=42) 

150175200225250275300325350375400425 
Total length (mm) 



E-49 

Figure 5. Estimates of total mortality for Hancock and Slocum 
Creeks, based on a catch cuwe analysis of October 1992 hook-and- 
line samples. 
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Figure 6. Age-length relationships for male and female brown 
bullhead collected from Goose, Hancock, and Slocum Creeks. The 
fitted von Bertalanffy curves are based on pooled data from both 
sexes except for Slocum Creek where curves for male (dotted) and 
female (solid) fish were significantly different. 
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Figure 7. Length and weight data for brown bullhead collected in 
October 1992 from Goose, Hancock, and Slocum Creeks. Data for 
both sexes are included. The curve represents a least-squares fit 
between tn(tength) and tn(weight), using pooled data from all three 
creeks. 
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Figure 8. Liver weight:body weight data for female and mate brown 
bullhead collected in October 1992 from Goose, Hancock, and 
S tocum Creeks. 
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Figure 9. Relationship between liver weight and body weight for 
female brown bullhead collected in October 1992 from Goose, 
Hancock, and Slocum Creeks. Fitted linear models differed 
significantly among creeks. 
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Figure 10. Relationship between liver weight and body weight for 
male brown bullhead collected in October 1992 from Goose, 
Hancock, and Slocum Creeks. Fitted linear models were not 
significantly different among creeks so a single model was fitted to 
the pooled data. 
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Figure 11. Age composition data for white catfish collected from 
Goose, Hancock, and Slocum Creeks. Data were pooled over sexes, 
gears, and periods because of small sample sizes. 
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Figure 12. Catch cures fitted to white catfish catch data from Goose, 
Hancock, and Slocum Creeks. Catches were pooled over sexes, 
gears, and periods because of small sample sizes. Fish ages four 
and older were assumed to be fully vulnerable to the standardized set 
of gears used to sample within each creek. 
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Figure 13. Upper panel: age-length data for white catfish from 
Goose, Hancock, and Slocum Creeks. lower panel: mean length at 
age over creeks and sexes and fitted von 6ertalanffy curve for 
Goose, Hancock, and Slocum Creeks; a von Bertalanffy cuTve for 
whit8 catfish from Santee-Cooper Lake (Stevens 1959); and a linear 
regression relating length and age for Patuxent River fish (Schwartz 
and Jachowski 1965). 
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Figure 14. Length and weight data for white catfish from Goose, 
Hancock, and Slocum Creeks; a least-squares fit between In(length) 
and In(weight) using pooled data from all three creeks; and a 
published relationship for Alabama white catfish (Swingle 1965, cited 
in Carlander 1969). 
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Figure 15. Age-length relationships for female pumpkinseed 
collected from Goose, Hancock, and Slocum Creeks. The fitted von 
Bertalanffy curves were significantly different among creeks and 
between sexes. 
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Figure 16. Age-length relationships for male pumpkinseed collected 
from Goose, Hancock, and Slocum Creeks. The fitted von Bertalanffy 
curves were significantly different among creeks and between sexes. 
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Figure 17. Fitted von 5ertalaNy curves for Goose, Hancock, and 
Slocum Creeks (pooled over creeks for female, creek-specific for 
males), compared to published curves (Ottawa River: Rubec and 
Qadri 1982) or curves fitted to published age-length data (Little River: 
Finnell et al. 1956; Musk&lunge Lake: Sinnott and Ringler 1987). 
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Figure 18. Length-weight relationship for brown bullhead from 
Goose, Hancock, and Slocum Creeks, compared to published 
relationships from Wisconsin (Priegel1966, cited in Carlander 1969), 
New York (Sinnott and Ringler 1987), and Uttowa (Rubec and Qadri 
1982). 
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figure 79. Age-length relationships for female and male 
pumpkinseed collected from Goose, Hancock, and Slocum Creeks, 
compared to cumes fitted to age-length data for Pequimans River 
and Chowan River pumpkinseed (sexes combined; Komegay et ai. 
1994). 
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Assessment of fish Health at Slocum Creek, NC 

Assessments of the physiological and pathological status of fish 
are often the focus of ecological investigations of aquatic system health 
(Heath 1987). The advantage of this approach is that sublethal effects 
are more sensitive indicators of contaminant stress than is death which 
occurs at higher contaminant concentrations. Thus, physiological and 
pathological indicators of contaminant stress may be useful in 
identifying contaminant-stressed systems for which overt indicators of 
contaminant stress have not yet been discovered. If it has been 
previously discovered that contaminants are present in a habitat, 
system, etc., physiological and pathological indicators also may help to 
elucidate whether contaminants are available to the biota (ie. are biota 
being exposed to bioavailable sources of contaminants?). 

Our objective was to discover whether physiological and 
pathological indicators of contaminant stress were present in fish from 
Slocum Creek. Baseline values for these indicators were established 
from collections and examinations of fish from two other sites in the 
Lower Neuse River, sites that were not identified with metal-enriched 
sediments. In addition, a site near a source of metal enrichment at 
New Bern was sampled for comparison with Slocum Creek. 

Methods 

Fish were collected from four study sites in June, 1991 (Figure 1). 
Slocum Creek is enriched with metals (Riggs et al., 1991) and possibly 
other contaminants and was the main focus of the study. For the 
purposes of this study, Hancock Creek and the Hog Island sites are 
considered to be a reference areas. Hancock Creek has a similar fish 
composition to Slocum Creek and is the tributary of the lower Neuse 
River that is closest to Slocum Creek. Riggs et al. (1991) did not note 
any appreciable metal enrichment of the sediments of Hancock Creek. 
Hog Island is above New Bern and has not been previously associated 
with metal enrichment. We also collected fish from the Bridgeton area 
of the Neuse River at New Bern, an area identified with electroplating 
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waste and enhanced sediment metal Concentt'atiOnS (Riggs et al. 
1991). 

At each site we attempted to collect ten individuals of comparable 
size for each of three species. The species we selected for study were 
brown bullhead (Amieurus nebulosus), pumpkinseed (Lepomis 
gibossus), and largemouth bass ( Micrc@erus salmoides). Each of 
these species occupies distinctively different ecological niches and has 
distinctively different food habits. Fish were collected by eleCtrO- 

shocking. 
fish stunned by electroshocking were immediately dipped UP and 

placed in a large container of water on the shocking boat. A courier , 
boat transported fish from the shocking boat to the processing area 
approximately every 15 min in a manner that provided for fish being 
quickly processed when they arrived at the riverside processing center. 

Immediately before processing, fish were anesthetized with 
MS222. A blood sample was collected from the caudal vein on the 
ventral side of the vertebral column. Fish were then killed by severing 
the spinal cord, weighed, and necropsied. During necropsy, any gross 
external and internal lesions were noted, the liver was weighed, and 
gill, liver, kidney, spleen and stomach tissue were preserved in 
buffered formalin for histological examination. The necropsy 
procedures followed the general procedures outlined by Goede and 
Barton (1990). 

Hematological variables were quantified at the North Carolina 
College of Veterinary Medicine. Fish blood was analyzed for a 
standard suit of clinical variables including red blood cell number 
(RBC), plasma protein (pp), hemoglobin (Hgb), aspartate 
aminotransferase (AST), alanine aminotransferase ( ALT), alkaline 
phosphatase (ALP), ion content (Na, K, and Cl), total CO2 (TCO2). 
glUCOSe (glu), osmolality (osmolal), and packed cell volume (PVC). l 

Tissues for histological examination were prepared following 
routine procedures and stained with hematoxyiin and eosin. Slides 
were examined by light microscopy. Tissue pathology was categorized 
into the most frequently observed lesion types. Lesions were scored 
on a relative, but subjective basis. All slides of the same tissue were 
read by one pathologist to avoid reader basis. Scoring criteria are 
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presented in tables in which results are presented. 
Categorical data were examined by Chi square analysis. 

Parametric data were analyzed by analysis of variance using Tukey’s 
test to separate means. All tests were conducted at a = 0.05. 

Results 

Collection histories and fish sizes are presented in Tables 1-3. 
Approximately IO fish of each species were collected at each site 
except at New Bern where only two brown bullheads were captured. 
External lesions were not generally remarkable, except for cutaneous 
ulcerations that occurred in all species, but especially brown bullheads. 
There were no detectable patterns with regard to the geographic 
occurrence of the ulcerations. Many of the fish presented small white 
foci in the liver and spleen, but also in the kidney and heart (especially 
for pumpkinseeds). These foci were assumed to be protozoan 
parasites or intermediate life stages of helminth parasites. This 
speculation was confirmed upon histopathological examination. 

One of the most remarkable observations in all species and 
across all sites was the frequent finding of yellow livers during the 
gross necropsy. Such coloration is typical of livers that are storing 
excessive amounts of lipids, and thus are termed ‘fatty livers’. 
Histopathological examination confirmed the widespread occurrence of 
lipid vacuoles in hepatocytes. 

Quantification and analyses of parasite burdens and fatty livers 
was attempted on histopathological examination and analyses of the 
gross necropsy data were not pursued. 

Hepatosomatic indices were examined by two-way analysis of 
variance using location and sex as main effect variables (Table 4). Sex 
was not significant in these analyses, therefore we tested each species 
for location effects disregarding sex. When we disregarded sex, we 
also were able to include individuals for which sex was not determined. 
There were location differences in the hepatosomatic index for brown 
bullheads, but not for largemouth bass or pumpkinseeds. Brown 
bullheads from Hog Island tended to have higher liver to body weight 
ratios than for other sites. 



F-4 

Histopathology 
The number of data points for each tissue, location, and species 

varied, even though the number of fish samples collected were 
relatively similar. Some tissues were subdivided for other analyses 
and insufficient tissue remained for histology. Some slides did not 
present well for reading. Histological findings and scoring categories 
and criteria are presented in Tables 5 through 19. 

Contingency table analyses of liver response variables are 
presented in Table 20. The extent of parasite pathology differed 
significantly among creeks for pumpkinseeds. Examination of the 
response counts used in the contingency table analysis indicates that 
parasite scores for pumpkinseed livers from Hog Island were higher 
than for all other sites (Table 21). Response counts also differed 
among creeks for livers scored relative to the amount of vacuolization 
with lipids (fatty livers) for brown bullheads. However, the analysis 
includes only two samples from Hancock Creek (Table 22). We feel 
that this is insufficient information to confirm among-location 
differences in this case. Melanomacrophage counts did not differ 
among locations for pumpkinseeds or largemouth bass, but was 
significantly less in brown bullheads from Slocum Creek compared to 
Hog Island and Hancock Creek (Table 23). 

Contingency table analyses of spleen response variables are 
presented in Table 24. Parasites scores for largemouth bass appeared 
to be higher at Hog Island (Table 25). Ellipsoidal and melanomacro- 
phage aggregates in brown bullheads were significantly different 
among creeks with the counts from Slocum Creek being the highest 
(Table 26). 

Contingency table analyses of kidney response variables are 
presented in Table 27. Parasite pathology tended to score higher at 
Hog Island for’pumpkinseeds (Table 28). Parasite scores were also 
significantly different for largemouth bass, but there was not an 
apparent site trend (Table 29). Eosinophillic infiltration was signifi- 
cantly different among creeks for brown bullheads (with Hancock Creek 
and New Bern tending to have higher scores), but not for other species 
(Table 30). 
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Renal melanomacrophage counts were significantly different 
among creeks for pumpkinseeds and brown bullheads but not for 
largemouth bass. Slocum Creek pumpkinseeds had significantly 
higher counts than for other collection locations (Table 31). Hancock 
Creek brown bullheads had significantly lower counts than for other 
collection locations. 

We noted no significant differences among collection locations in 
stomach histopathology (Table 17-l 9). 

Contingency table analyses of gill histopathological response 
variables are presented in Table 32. Telangiectasis response counts 
tended to show lower scores for Hog Island pumpkinseeds than for 
other sites (Table 33). Parasite scoring was significant for both large- 
mouth bass and brown bullheads, although site specific trends were 
not consistent between species (Tables 34-35) 

Hematological Findings 
We quantified 13 hematological variables for each of the three 

species (Tables 36-38). Among location differences were detected for 
five, four, and three variables in pumpkinseeds, largemouth bass, and 
brown bullheads, respectively (Table 39). There were no distinctive 
patterns relating these differences across species with regard to 
potential location effects. In no case was the same variable signifi- 
cantly different among locations for ail three species. When two 
species exhibited location differences for a variable (5 cases), 
separation of means by location were not completely consistent 
between species. 

There were 12 species X variable combinations that exhibited 
differences among locations. Of these 12, fish from Slocum Creek 
differed on one, four, and six occasions from those collected at New 
Bern, Hog Island, and Hancock Creek, respectively. Thus there were 
fewer differences between the two metal enriched sampling areas than 
between Slocum and the two non-enriched sampling locations. 
However, the two non-enriched sampling areas differed from each 
other with the exact same frequency as did Slocum and Hancock 
Creeks. 
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Discussion 
Histopathological and hematological investigations have been 

frequently used in evaluations of ecosystem health. Metals and other 
environmental contaminants are known to cause a variety of 
physiological and histological responses as demonstrated both in field 
and laboratory studies. Baseline values for most of these variables are 
not available or are influenced by factors that may not be standardized 
during sample collections (water temperature, time of year, etc.; see 
Hinton et al. 1992). Therefore interpretation of these biomarkers in 
field situations is dependent on comparisons with samples collected 
concurrently at control or reference locations (examples: Bowser et al. 
1990, Blazer et al. 1994, Gallagher and Di Giulio 1989, Kim et al. 1989, 
Baumann et al. 1990) or along gradients of contamination (Adams et 
al. 1992). 

We selected Hancock Creek and the Hog Island area of the 
Neuse River as our reference sites. Sediment surveys for metal 
concentrations indicate minimal metal enrichment of Hancock Creek. 
Distributional patterns of metal concentrations in sediments at New 
Bern indicate that our Hog Island study site was not within areas 
characterized as metal enriched (Riggs et al. 1991). However, no 
analytical data exists that specifically documents the absence of metal 
enrichment at Hog Island. 

An increase in liver weight in relation to body weight has been 
reported for brown bullheads (Baumann et al. 1991, Gallagher and Di 
Giulio 1989), sunfish (Adams et al. 1992) and other species (Fletcher 
et al. 1982) from contaminated areas compared to those from 
uncontaminated sites. We found liver:body weight ratios were not 
elevated in Slocum Creek for any of the three species that we sampled. 
This is in contrast to work reported by Gallagher and Di Giulio (1989) 
who reported higher livenbody weight ratios in brown bullheads from 
SloCum Creek compared to Hancock Creek. However, Gallagher and 
Di Giulio’s report was based on a small number of fish. 

HistopathologicaJ investigations with light microscopy led to no 
conclusive evidence that fish from Slocum were suffering from 
contaminant stress. The most commonly occurring types of lesions in 
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fish from Slocum Creek (parasitic infections, fatty livers, etc.) were the 
same as in fish from the other locations. The prevalence Of these 
findings and our histological scoring of lesions did produce differences 
among locations, but these differences were not generally consistent 
among species nor were they strongly indicative of poor health. 

Our pathological investigation was conducted as a relatively 
quick screening procedure that should have been able to detect overt 
indicators of differences in fish health. This level of resolution is 
appropriate for field investigations of the type we conducted although 
more specialized techniques are available that potentially target lesions 
specific to particular classes of contaminants, often at the ultracellular 
level. We feel that major differences among populations, signifying 
significant contaminant-based problems, would have surfaced even 
with the relatively small sample size in our study. However, small shifts 
in physiological and pathological responses would probably have gone 
undetected with our sample sizes as the ability to discriminate the 
prevalence of lesions among populations is partially a function of the 
number of animals examined and the severity of the lesion. 

Although not considered conclusive evidence of contaminant 
exposure, we found melanomacrophage numbers in kidney and spleen 
of brown b&heads to be higher in Slocum Creek than for other sites. 
Melanomacrophage aggregates are focal accumulations of pigmented 
macrophages found in the liver, spleen, and head kidney of fish . They 
function to sequester foreign material and cellular debris (Blazer et al. 
1994) and are involved in immune responses (Ellis et al. 1976, 
Ferguson 1976). Although the number and size of melanomacro- 
phages may be affected by fish age, nutrition, disease, and state of 
health, responses have also been related to contaminant exposure. 
Melanomacrophages in brown bullheads appear to be more responsive 
to contaminants than are phage cells in several other species (Blazer 

* et al. 1994). An increase in brown bullhead splenic melanomacro- 
phage aggregate numbers and size correlated well with higher 
sediment organic contaminant levels and higher tissue PCB levels 
(Blazer et al. 1994). Bowser et al. (1990) reported an increase in 
hepatic melanomacrophages in brown bullheads at a site known to 
have high concentrations of PCBs and heavy metals compared to a 
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reference site. 
Although splenic and renal melanomacrophage numbers were 

higher in Slocum Creek than for other sites, hepatic melaomacrophage 
numbers were lower. We had expected that hepatic melanomacro- 

phage numbers would have mirrored the differences seen between 
Slocum Creek and the other study sites. 

Our data demonstrate melanomacrophage responses in brown 
bullheads from Slocum Creek that are consistent with findings reported 
for brown bullheads from other contaminated environments. However, 
factors other than contaminants may also cause melanomacrophage 
responses so we cannot be sure whether the responses were 
contaminant related or not. More detailed investigations would be 
required to confirm the melanomacrophage differences among sites 
and to examine the relationship of the counts to contaminants present. 
The pathological consequences of elevated melanomacrophage 
numbers are not fully understood. 

Gallagher and Di Giulio (1989) reported that 3/l 0 (year = 1985) 
and l/4 (year = 1986) brown bullheads from Slocum Creek had fatty 
livers versus O/4 bullheads from Hancock Creek. They suggested a 
potential link between the contamination of Slocum Creek and the 
prevalence of fatty livers. A variety of organic solvents, and potentially 
other contaminants, may induce alterations in lipid metabolism and 
potentially resuft in fatty livers. Our data do not support the finding of 
Gallagher and Di Giulio (1989) that fatty livers were more common in 
brown bullheads from Slocum Creek than in Hancock Creek. We found 
that 8/10 livers from Hancock Creek were fatty versus 818 for Slocum 
Creek. Fatty livers were also observed in largemouth bass and 
pumpkinseeds outside of Slocum Creek. The widespread occurrence 
of fatty livers from Hog Island to Hancock Creek suggests that 
contaminants present Slocum Creek may not be the sole potential 
cause for the fatty livers observed in Slocum Creek. 

Hematocrits, red blood cell counts, and bemoglobin have been 
demonstrated to differ in fish undergoing thermal stress (Houston et al. 
1976) and as a function of body condition (Esch and Hazen 1980). 
Hematological data demonstrated no conclusive evidence that fish 
from Slocum Creek were physiologically stressed or unhealthy. 
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Differences were observed among collection locations, but Slocum was 
no more likely to be different from Hancock Creek than the two 
reference areas were to be different from each other. Overall, the 
magnitude of the differences seemed small. 

Comparable hematological data for these species in other 
locations is scarce. For largemouth bass, packed cell volume and 
hemoglobin values across all sites averaged slightly less than those 
presented by Esch and Hazen (1980). Plasma glucose in fish from the 
lower Neuse River basin had glucose levels that exceeded the 
maximum level of 95 mg/dL reported by Dean and Goodnight (1964). 
Sodium values were similar to those reported for largemouth bass by 
Hazen et al. (1978), but potassium values were only one third of those 
that they reported. Ion concentrations in pumpkinseeds were similar to 
those reported by Grant et al. (1970). 

Conclusions 
Hematological and pathological evidence suggests that there are 

differences among Slocum Creek, Hancock Creek, the Neuse River at 
New Bern, and the Neuse River at Hog island. The magnitude and 
pattern of these differences among creeks and among species do not 
indicate that fish from Slocum Creek are unhealthy relative to fish from 
the other study sites. Melanomacrophage numbers, one of the 
histopathological variables with a relatively good link to contaminant 
‘stress, were elevated in kidney and spleen, but not liver tissue from 
brown bullheads in Slocum Creek. The elevated number in kidney and 
spleen may indicate exposure to contaminants (type unidentified) at a 
sufficient level to elicit a physiological response. However, a cause 
and effect link was not established between contaminant exposure and 
melanomacrophage numbers in this study. Fatty livers, a pathological 
condition which has been associated with contaminant exposure and 
has been previously reported for bullheads from Slocum Creek, were 
found in all study areas, not just Slocum Creek. Livenbody weight 
ratios, which are also reported to become elevated in response to 
contaminants, were not higher in fish from Slocum Creek than for other 
sites. 
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Table 1. Collection and gross necropsy data for pumpkinseeds collected in the lower Neuse 

River, 1991. 

Date Collected Sample No. Site sex 

6/27/g 1 HC-32 Hancock Ck. 
6/27/gl HC-33 Hancock Ck. 
6/27/!3 1 HC-34 Hancock Ck. 
6/27/g 1 HC-36 Hancock Ck. 
612719 1 HC-37 Hancock Ck. 
612719 1 HC-36 Hancock Ck. 
6/27/91 HC-39 Hancock Ck. 
6/27/91 HC-40 Hancock Ck. 
6127191 HC-41 Hancock Ck. 
612719 1 HC-59 Hancock Ck. 
7/l 3191 NB-I 01 Hog Island 
fll3/91 NB-102 Hog Island 
f/13/91 NB-103 Hog Island 
7/13/91 NE-104 Hog Island 
7113/91 NB-105 Hog Island 
7/13/91 NB-106 Hog Island 
7/l 3191 NB-107 Hog Island 
7/l 3191 NE-I 09 Hog Island 
7ll3/91 NE-1 10 Hog Island 
7/l 3191 NB-114 Hog Island 
f/12/91 NB-61 New Bern 
7/l 2191 NB-62 New Bern 
7/l 2191 NB-63 New Bern 
7/l 2191 NB-64 New Bern 
7/12/91 NB-65 New Bern 
7/l 2191 NB-68 New Bern 
7/12191 NB-69 New Bern 
7/12/91 NB-70 New Bern 
7/l 219 1 NB-73 New Bern 
7/l 219 1 NB-76 New Bern 

Female 
Female 
Female 
Female 

Female 
Female 
Female 

Unknown 

Female 

Female 

Female 
Female 

Female 

Female 
Female 
Female 

Female 
Female 

Total Fresh Liver External 
Length (mm) Weight (g) Webht (d Lesions 

165 130 
163 89 
155 62 
157 64 
177 125 
174 110 
156 65 
175 118 
164 101 
162 114 
177 114 
160 62 
175 100 
155 63 
160 67 
150 68 
176 119 
160 68 
175 109 
173 111 
156 76 
200 148 
169 96 
177 115 
166 97 
160 82 
166 97 
176 118 
150 75 
165 92 

0.84 
0.54 
0.48 
0.58 
0.96 
0.96 
0.67 
0.90 
0.85 
1 .Ol 
1 .lO 
0.70 

0.50 
0.56 
1.18 
0.56 
0.67 

0.62 
1.21 
0.68 
1.15 
0.87 

1.39 
1 .oo 
0.47 
0.52 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 

? 
E; 



Table (cont.) 

Date Collected Sample No. 

6126/9 I 
6/26/9 I 
612619 1 
6/26/9 I 
0/20/g I 
612619 1 
6/28/9 1 
6/26/9 1 
612619 1 
612619 1 
612619 1 
612619 1 

SC-4 
SC-5 
SC-6 

SC-I I 
SC-12 
SC-14 
SC-15 
SC-16 
SC-23 
SC-29 
SC-30 
SC-13 

Sib 

Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 

S9X 

Total Fresh LiV9f External 
Lenglh (mm) Weight (g) Weight (g) Lesions 

Male 174 
161 

Male 172 
hflale 181 
Male4 163 
Male 164 
Male 183 
Male 180 
Male 157 

Female 171 
Male 163 
Male 480 

107 0.71 N 
89 0.65 N 
107 0.53 N 
100 0.80 N 
89 0.53 N 
91 0.73 N 
132 0.88 N 
107 0.75 N 
85 0.81 N 

105 1.41 N 
83 0.56 N 

1488 13.08 N 



Table 2. Collection and gross necropsy records for largemouth bass collected from the lower Neuse River, 1991. 

Dale Collected 

612719 1 
812719 1 
812719 1 
612719 1 
812719 1 
812719 1 
612719 1 
812719 1 
812719 I 
812719 1 
7/l 2191 
7lI2l91 
7/12/91 
7/l 219 I 
7/12/91 
7/12/91 
7/12/g1 
7113l81 
7/13/g1 
7/l 319 1 
7/l 3191 
7/12/81 
7112l9 I 
7/12/81 
7/l 219 I 
7/l 2191 
7112l91 
7/121gi 
?/I 2191 
7/12/91 
7/12/91 
812819 1 

Sample No. 

HC-31 
HC-35 
HC-42 
HC-45 
HC;50 
HC-55 
HC-58 
HC-57 
HC-58 
HC:60 
NB-91 
NB-92 
NB-94 
NB-95 
NB-97 
NB-98 
NB-99 

NB-100 
NB-108 
NB-111 
NB-116 
NE-66 
NB-67 
NB-72 
NB-74 
NB-77 
NB-78 
NB-79 
NB-80 . 
NB-81 
NB-82 
SGI 

We 

Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Barn 

Slocum Ck. 

Total 
St3X 

Female 
Female 

Female 
Unknown 
Unknown 

Male 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 

Unknown 
Female 
Female 

Unknown 
Female 

Unknown 
Female 
Female 
Female 

Unknown 

Female 
Female 
Female 

Fresh 
Length (mm) 

Liver 
Weight (cd 

External 

Weight (g) 
External 
Lesions 

244 201 1.50 N 
285 343 3.10 N 
313 418 4.20 N 
279 254 2.20 N 
212 123 1.13 N 
239 174 1.61 N 
283 305 3.77 N 
287 343 2.95 N 
277 284 2.51 N 
350 599 9.03 N 
320 418 2.52 Y 
332 515 3.93 N 
325 447 4.48 N 
321 438 5.66 Y 
293 293 2.22 Y 
384 608 3.73 Y 
380 633 4.82 Y 
385 622 4.25 Y 
355 556 3.34 Y 
395 829 9.07 N 
402 823 Il.72 N 
287 281 0.12 N 
29% 308 2.44 N 
180 90 0.68 N 
382 712 3.98 N 
221 121 1.10 N 
373 744 8.53 N 
312 384 4.29 N 
335 531 3.21 Y 
380 883 11.43 N 
403 924 6.00 Y 
340 507 5.30 N 



Table (cont.) 

Date Collected Sample No. 

8/28/91 
6/26/9 I 
612819 1 
612819 1 
6/26/9 I 
612819 1 
612019 1 
6126/91 
812619 1 

SC-I 0 
SC-17 
SC-18 
SC-24 
SC-26 
SC-27 
SC-28 

Site 

Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slowm Ck. 
Slocum Ck. 

Total 
Sex 

Female 
Female 
Female 

Female 
Female 

Female 

Fresh Liver External 
Length (mm) Weight (9) We&W (g) 

321 412 2.18 
357 779 12.93 
385 805 none 
235 190 2.14 
289 304 2.33 
243 200 1.61 
312 383 2.20 
292 258 1.15 
302 * 412 3.82 

External 
Lesions 

N 
id 
Y 
N 
N 
N 
Y 
N 
N 



Table 3. Collection and gross necropsy data on brown bullheads collected in the lower Neuse River, 1991.. 

Date Collected 

612719 I 
8/27/g 1 
6/27lg 1 
6/27/91 
6/27/gI 
6/27/9 1 
612719 1 
612719 I 
612719 1 
812719 1 
7/12/g1 
7ll2l9 I 
7/l 3181 
7/l 319 1 
7/I 3191 
7/l 3/gl 
7/l 2191 
7/I 2191 
6/26/9 I 
6/26/g I 
612819 1 
812 619 1 
6/26/9 1 
6/28/9 1 
612819 1 
812619 1 

Sample No. 

HC-43 
HC-44 
HC-46 
HC-47 
tic-48 
HC-49 
HC-51 
HC-52 
HC-53 
HC-54 
NB-93 
NB-9% 

NB-112 
NB-113 
NB-115 
NB-117 
NB-71 
NB-75 
SC-7 

sG9 
SC-19 
SC-20 
SC-21 
SC-22 
SC-25 

Site 

Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hancock Ck. 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
New Bern 
New Bern 

Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slccum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 
Slocum Ck. 

S3X 

Unknown 

Female 
Female 

Unknown 
Unknown 
Unknown 
Unknown 
Female 
Female 
Female 

Female 
<emale 
Female 

Unknown 
Female 
Female 
Female 
Female 
Female 
Female 

Unknown 

Female 

Total Fresh Liver External 
Length (mm) Webht (cd We&H (g) Lesions 

318 461 5.05 
410 1089 IO.77 
312 471 5.25 
340 585 8.03 
310 423 3.92 
287 308 3.32 
321 473 4.80 
305 383 4.13 
281 293 3.40 
301 357 3.98 
333 494 7.15 
290 318 4.34 
328 445 6.50 
350 543 8.00 
356 579 9.60 
340 558 8.40 
340 389 6.87 
406 893 6.99 
145 888 9.64 
391 898 7.79 
373 816 11.14 
352 620 7.13 
380 760 10.84 
388 853 1 I .45 
330 498 6.85 
440 959 11.07 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Y 

N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
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Table 4. Liver to body weight ratios for three species of fish collected 
from the lower Neuse River Basin, June, 1991. 

Specles Sltr 

Brown Bullhead Hancock Creek 

Hog Island 

New Bern 

Slccum Creek 

Largemouth BassHancock Creek 

Hog island 

New Bern 

Slocum Creek 

Pumpkinseed Hancock Creek 

Hog tSi8nd 

New Bern 

Sbcum Creek 

sex N LlverlBody Standard Error 

F 
M 

All’ 

4 
1 

10 

0.012 
0.010 
0.011 

F 4 0.015 
M 1 0.014 

All’ 6 0.015 

F 2 0.014 

F 
M 

All’ 

5 
2 
8 

0.011 
0.014 
0.012 

F 6 0.010 
M 2 0.011 

All 10 0.010 

f 
M 

All 

9 
1 

11 

0.008 
0.014 
0.009 

F 6 0.010 
M 1 0.006 

All 10 0.008 

F 7 0.010 
M 3 0.007 

All 10 0.009 

F 7 0.007 
M 3 0.008 

All 10 0.007 

F 
M 

All 

4 
5 

10 

0.007 
0.008 
0.006 

F 6 0.010 
M 4 0.007 

All 10 0.008 

F 1 0.013 
M 10 0.007 

All 11 0.008 

0.001 

0.000 

0.001 

0.001 

0.001 

0.001 
0.001 
0.001 

0.001 
0.001 
0.001 

0.001 

0.001 

0.001 

0.001 

0.001 
0.001 
0.001 

0.001 
0.001 

0.001 
0.001 
0.000 

0.001 
0.001 
0.001 

0.001 
0.001 

l Statistically dlff erent among locations. 
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Table 5. Histopathology scoring of liver tissue from pumpkinseeds (PS) 
from four portions of the lower Neuse River, 1991: 

Firh Id. W Site 
Location 

Liver Liver Ltver Melano. Llver 
Necrosis Inflammation macrophage Fatty 

Liver 
Paresltcs 

4 PS 
4 PS 
6 PS 
11 es 
12 PS 
14 PS 
15 PS 
16 PS 
23 PS 
29 PS 
30 PS 
32 PS 
33 PS 
34 PS 
36 PS 
37 PS 
38 PS 
39 es 
40 PS 
41 PS 
59 PS 
61 PS 
62 PS 
63 PS 
64 PS 
65 PS 
68 PS 
69 PS 
70 PS 
73 PS 
101 PS 
102 PS 
103 PS 
104 PS 
105 es 
106 PS 
107 es 
109 PS 
110 PS 
114 es 

Slocum Creek 0 1 7 0 
Stocum Creek 0 0 1 0 
Slocum Creek 0 0 6 0 
Slocum Creek 0 2 1 0 
Slocum Creek 0 0 6 0 
Slocum Creek 0 1 1 0 
Slocum Creek 0 0 6 0 
Slocum Creek 0 0 3 0 
Slocum Creek 2 1 1 0 
Slocum Creek 1 3 18 0 
Slocum Creek 0 0 8 0 
Hancock Creek 0 1 0.5 0 
Hancock Creek 1 1 0.5 0 
Hsncock Creek 2 2 1.5 0 
Hancock Creek 0 0 3 1 
Hancock Creek 0 0 3 0 
Hancock Creek 0 1 1 1 
Hancock Creek 0 0 5 0 
Hancock Creek 1 1 3 0 
H8nCock Creek 1 0 0 1 
Hancock Creek 0 0 7 0 

New Bern 0 0 3 1 
New Bern 0 0 6 1 
New Bern 1 0 5 0 
New Bern 0 0 1.5 2 
New Bern 0 0 2 0 
New Bern 0 0 1 0 
New Bern 0 0 3 1 
New Bern 0 0 2 0 
New Bern 0 0 0 1 

Hog Island 1 1 4.5 0 
Hog Island 0 0 1 0 
Hog Island 0 1 2 0 
Hog Island 0 0 3 1 
Hog Island 0 0 1 0 
Hog Island 0 0 3.5 0 
Hog Island 0 0 1 2 
Hog Island 0 1 4 0 
Hog Island 0 0 10 0 
Hog island 1 1 4 1 

0 
0 
0 
0 
1 
2 
0 
0 
1 
0 
0 
0 
0 
3 
0 
1 
0 
1 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
2 
0 
1 
1 
1 
1 
2 
2 
1 
2 

‘Parasites: 0 = absent, 1 = mild, 2 = moderate, 3 E severe 
Necrosis: 0 = absent, 1, = mild, 2 = moderate, 3 = severe 
Melanomacrophage: Average number per 8-10 high power fields 
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Table 6. Histopathology scoring of liver tissue from largemouth bass 
(LMB) from four portions of the lower Neuse River, 1991.* 

Fish Id. # Site 
Location 

Liver Liver Liver Melano- Llver 
Necrosis Inflammation macrophage Fatty 

Llver 
Parasltes 

1 LMB 
2 LM5 
3 LM5 

10 LM5 
17 LMB 
18 LMB 
24 LMB 
28 LM5 
27 LMB 
28 LM5 
31 LMB 
38 LMB 
42 LMB 
45 LMB 
50 LMB 
55 LMB 
56 LMB 
57 LMB 
68LMB 
60 LMB 
66 LMB 
67 LMB 
72 LMB 
74 LMB 
78 LMB 
79 LMB 
80 LMB 
81 LMB 
82 LMB 
91 LMB 
92 LMB 
94 LMB 
95 LMB 
97 LMB 
98 LMB 
99 LMB 

100 LM5 
108 LM5 
111 LMB 

Slocum Creek 0 1 2 0 0 
Slocum Creek 0 0 2 2 1 
Slocum Creek 0 0 0.5 3 0 
Slocum Creek 0 0 8 1 0 
Slocum Creek 0 0 0 1 1 
Slocum Creek 0 1 2 0 1 
Slocum Creek 0 0 0 1 0 
Slocum Creek 0 2 2 0 3 
Slocum Creek 0 2 4 0 1 
Slocum Creek 0 1 1.5 2 2 
Hancock Creek 0 0 0 2 0 
Hancock Creek 0 0 0.5 2 2 
Hancock Creek 0 2 0 1 0 
Hancock Creek 0 0 3 0 1 
Hancock Creek 2 2 0 3 0 
Hancock Creek 0 0 0 0 1 
Hancock Creek 0 0 0 3 2 
Hancock Creek 0 0 0.5 2 1 
Hancock Creek 0 1 0 3 0 
Hancock Creek 0 0 1 3 0 

New Bern 0 2 3 0 0 
New Bern 0 0 0 3 0 
New Bern 0 0 0 0 0 
New Bern 0 0 5 0 1 
New Bern 0 0 1 3 0 
New Bern 0 0 0 3 0 
New Bern 0 2 8 0 1 
New Bern 0 0 1.5 3 1 
New Bern 0 1 4 1 1 
Hog Island 0 1 3 0 2 
Hog Island 0 0 0.5 1 0 
Hog Island 1 0 0 3 1 
Hog Island 1 0 0 3 1 
Hog Island 0 0 0 1 1 
Hog Island 0 1 3.5 2 1 
Hog Island 0 0 1 2 2 
Hog Island 0 0 5 2 1 
Hog Island 0 0 2 0 0 
Hog Island 0 0 4 3 0 

‘Parasites: 0 = absent, 1 = mild, 2 = moderate, 3 = severe 
Necrbsis: 0 = absent, 1 , = mild, 2 = moderate, 3 = severe 
Melanomacrophage: Average number per 8-10 hlgh power fields 
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Table 7. Histopathology scoring of liver tissue from brown bullheads 
(BB) from four portions of the lower Neuse River, 1991.* 

Fish Id. I, Slte 
Locatlon 

Llver Llver Liver Melano- Liver 
Necrosis lnflammatlon macrophage Fatty 

Liver 
Parasltes 

7 BB 
8 5B 
9 55 
19 55 
20 55 
21 B5 
22 B5 
25 BB 
43 B5 
44 B5 
46 BB 
47 85 
48 BB 
49 B5 
51 B5 
52 B5 
53 BB 
54 BB 
71 B5 
76 BB 
93 55 
96 BB 

112 58 
113 BB 
115 BB 
116 58 
117 58 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 

Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 
0 
2 
2 
2 
2 
2 
0 
0 
0 
0 
2 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 

1 
0 
0 
2 
2 
0 
1 
1 
1 
1 
0 
2 
1 
2 
1 
0 
0 
0 
2 
1 
1 
0 
1 
2 
0 
0 
0 

5 
0 
10 
3 
5 
1 
0 
4 
0 
1 
0 

0.5 
0 
0 
0 
0 
0 
0 
10 
3 
7 
0 

0.5 
4 
15 
15 
0 

1 
1 
3 
1 
3 
2 
1 
2 
2 
2 
3 
2 
0 
1 
1 
1 
0 
2 
0 
0 
1 
1 
1 
2 
2 
3 
3 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

‘Parasftes: 0 = absent, 1 = mild, 2 = moderate, 3 = severe 
Necrosis: 0 = absent, 1, = mild, 2 = moderate, 3 = severe 
Melanomacrophage: Average number per 8-10 high power fields 



F-22 

Table 6. Histopathology scoring of spleen tissue from pumpkinseeds (PS) from four 
portions of the lower Neuse River, 1991: 

Fish Id. II Sk8 Elipsoid + Melano- 
Location macrophage (total) 

Spleen Cell 
Condition 

1eV8f 
Parasites 

4PS 
5PS 
6PS 
11 PS 
12 PS 
14 PS 
15 PS 
16 PS 
23 PS 
29 PS 
30 PS 
32 PS 
33 PS 
34PS 
36 PS 
37 PS 
38 PS 
39 PS 
40 PS 
41 PS 
59 PS 
61 PS 
62 PS 
63 PS 
64PS 
65 PS 
68 PS 
69 PS 
70 PS 
73 PS 
76 PS 
101 PS 
102 PS 
103 PS 
104 PS 
105 PS 
106 PS 
107 PS 

Slocum Creek 33 
Slocum Cr88k 50 
Slocum Creek 45 
Slocum Creek 55 
Slocum Creek 19 
Slocum Creek 42 
SlWUm Cr88k 55 
Slocum Creek 45 
Slocum Creek 39 
SbCUm Cr88k 11 
Slocum Creek 23 
Hancock Creek 19 
Hancock Creek 15 
Hancock Cr88k 19 
Hancock Creek 39 
Hancock Creek 30 
Hancock Creek 27 
Hancock Creek 3 
Hancock Creek 9 
Hancock Creek 47 
Hancock Creek 65 

New Bern 30 
New Bern 38 
New Bern 29 
New Bern 23 
New Bern 35 
New Bern 22 
New Bern 41 
New Bern 64 
New Bern 39 
New Bern 34 
Hog Island 16 
Hog Island 19 
Hog Island 48 
Hog Island 37 
Hog Island 33 
Hog Island 37 
Hog Island 23 

Ab 
N 

Act 
N 
N 

Ab 
N 

Act 
N 

Ab 
Act 
Act 
Ab 
N 
N 
N 

Ab 
Ab 
N 
N 

Ab 
N 

Ab 
Ab 
N 
N 

Ab 
Ab 
Ab 
Ab 
Ab 
Ab 
Ab 
Ab 
N 
N 
N 

Ab 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 . 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
2 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
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Table (cont.) 

Fish Id. # site Elipsoid + Melano- Spleen Cell Level 
Location macrophage (total) Condition Parasites 

109 PS Hog island 42 N 0 
110 PS Hog Island 30 N 0 
114 PS Hog Island 28 Ab 1 

‘Cell Condition: N=normal, Ab=abnormal, Ackactivated 
Parasites: O=Absent, l=mild, Prmoderate, Wevere 
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Table 9. Histopathology scoring of spleen tissue from largemouth bass (LMB) from 
four portions of the lower Neuse River, 1991.’ 

Fish Id. # site Elipsoid + Metlano- 
Location macrophage (total) 

Spleen Cell 
Condition 

Level 
Parasites 

1 LMB 
2 LMB 
3 LMB 
10 LMB 
17 LMB 
18 LMB 
24 LMB 
26 LMB 
27 LMB 
28 LMB 
31 LMB 
35 LMB 
42 LMB 
45 LMB 
50 LMB 
55 LMB 
56 LMB 
57 LMB 
58 LMB 
60 LMB 
66 LMB 
67 LMB 
72 LMB 
74 LMB 
77LMB 
78 LMB 
79 LMB 
80 LMB 
81 LMB 
82 LMB 
91 LMB 
92 LMB 
94 LMB 
95 LMB 
97 LMB 
98 LMB 
99 LMB 
100 LMB 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 

Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hanaxk Creek 
Hancock Creek 
Hanoock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

41 N 

23 Ab 
29 N 
32 Ab 
28 Ab 
34 Ab 
29 Ab 
39 Ab 
21 N 
10 Ab 
17 Ab 
19 Ab 
39 N 
10 Ab 
4 Ab 

20 Ab 
17 N 
26 Ab 
44 Ab 
5 Ab 

40 Ab 
26 Ab 
10 Ab 
16 Ab 
14 Ab 
13 N 
21 N 
27 N 
25 N 
32 Ab 
37 Ab 
24 Ab 
21 Ab 
19 ab 
25 Ab 
16 Ab 
15 Ab 
19 Ab 

0 
1 
0 
1 
1 
1 
1 
1 
0 
0 
1 
0 
0 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
2 
1 
1 
1 
2 
1 
1 
1 
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Table (cont.) 

Fish Id. t Site Elipsoid + Melano- 
Location macrophage (total) 

Spleen Cell 
Condition 

Level 
Parasites 

108 LMB Hog Island 25 Ab 1 
111 LMB Hog Island 26 Ab 1 

‘Cell Condition: N=normal, Ab-abnormal, Ackactivated 
Parasites: O=Absent, l=mild, 2=moderate, 3rsevere 
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Table 10. Histopathology scoring of spleen tissue from brown bullhead (88) from four 
portions of the lower Neuse River, 1991: 

Fish Id. # Site Elipsoid + Melano- 
Location macrophage (total) 

Spleen Cell 
Condition 

Level 
Parasites 

7 88 Slocum Creek 40 
898 Slocum Creek 35 
9BB Slocum Creek 43 

19 66 Slocum Creek 34 
20 88 Slocum Creek 23 
21 66 Slocum Creek 38 
22 66 Slocum Creek 35 
25 88 Slocum Creek 26 
43 BB Hancock Creek 23 
44 66 Hancock Creek 29 
46 66 Hancock Creek 25 
47 66 Hancock Creek 26 
48 88 Hancock Creek 41 
49 66 Hancock Creek 23 
51 88 Hancock Creek 20 
52 BB Hancock Creek 28 
53 66 Hancock Creek 35 
54 BB Hancock Creek 26 
71 BB New Bern 13 
75 66 New Bern NT 
93 BB Hog Island 35 
96 BB Hog Island 18 

112 BB Hog Island 27 
113 66 Hog Island 16 
115 88 Hog Island 25 
116 88 Hog Island 31 
117 66 Hog Island 17 

Act 
N 
N 
N 
N 
N 
N 
N 
N 

Ab 
N 
N 

Ab 
N 
N 
N 
N 
N 

Ab 
NT 
N 
N 
N 
N 
N 
N 
N 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NT 
0 
0 
1 
0 
0 
0 
0 

*NT: No Tiiue, but induded in gross necropsy data 
Cell Condition: N=normal, Ab=abnormal, Ahactivated 
Parasites: O&Went, l=mild, 2=moderate, 3=severe 
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Table 11. Histopathology scoring of kidney tissue from pumpkinseeds (PS) from four 
portions of the lower Neuse River, 1991: 

Fish Id. I Site Location Tubular Melano- Eosinophilic Parasltes 
Necrosis macrophages granules 

4 PS 
5 PS 
6 PS 
11 PS 
12 PS 
14 PS 
15 PS 
16 PS 
23 PS 
29 PS 
30 PS 
32 PS 
33 PS 
34 PS 
36 PS 
37 PS 
38 PS 
39 PS 
40 PS 
41 PS 
59 PS 
61 PS 
62 PS 
63 PS 
84 PS 
65 PS 
68 PS 
69 PS 
70 PS 
73 PS 
76 PS 
101 PS 
102 PS 
103 PS 
104 PS 
105 PS 
106 PS 
107 PS 
109 PS 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
S&urn Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 

Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 
0 
0 

NT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

<l 
<l 
1 
<l 
NT 
1 

<l 
1 
<l 
3 

1.5 
<l 
<l 
<l 
<l 
<l 
<l 
<l 
<l 
0 
cl 
0 
<l 
0 
<l 
cl 
<l 
<l 
NT 
0 
0 
<l 
<l 
<l 
1 

<l 
<l 
<l 
<l 

2 - 
1 
1 
2 

NT 
2 
3 
1 
2 
1 
2 
4 
2 
2 
2 
1 
3 
1 
3 
2 
0 
2 
1 
3 
3 
2 
3 
2 

NT 
3 
2 
3 
0 
0 
2 
3 
0 
2 
1 

1 
0 
2 
1 

NT 
0 
3 
3 
2 

0 
2 
0 
1 
1 
1 
0 
3 
0 
1 
1 
0 
0 
1 
1 
1 
2 
1 

NT 
0 
1 
2 
2 
3 
3 
3 
1 
3 
3 
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Table (cont.) 

Fish Id. # Site Location Tubular Melano- Eosinophilic Pararites 

Necrosis macrophages granules 

110 PS Hog Island 0 <l 1 3 
114 PS . Hog Island 0 0 2 2 

*NT : No Tissue, but included in gross necropsy data 
Tubular Necrosis: O=absent, l=mild,2=moderate,3=severe 
Melanomacrophage: Average number per 8-10 high power fields 
Eosinophilic granules: O=absent, l=mild, 2=moderate, 3=severe 
Parasites: O=absent, l=mild, 2=moderate, 3=severe 
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Table 12. Histopathology scoring of kidney tissue from largemouth bass (LMB) from four 
portions of the lower Neuse River, 1991.. 

Fish Id. # Site Location Tubular Melano- Eosinophilic Parasites 

Nectosls macrophages granules 

1LMB 
2LMB 
3LMB 
10 LMB 
17 LMB 
18 LMB 
24 LMB 
26 LMB 
27 LMB 
28 LMB 
31 LMB 
35 LMB 
42 LMB 
45 LMB 
50 LMB 
55 LMB 
56 LMB 
57lMB 
58 LMB 
60 LMB 
66 LMB 
67 LMB 
72 LMB 
74 LMB 
nLMB 
78 LMB 
79 LMB 
80 LMB 
81 LMB 
82 LMB 
91 LMB 
92 LMB 
94LMB 
95 LMB 
97 LMB 
98 LMB 
99 LMB 
100 LMB 
108 LMB 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

NT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
2 
<l 
1 
1 

<l 
<l 
2 
1 

<l 
<l 
cl 
<l 
<l 
tl 
<l 
NT 
1 

<l 
<l 
<l 

l <l 
<l 
<l 
0 
<l 
1 
1 

Cl 
<l 
1 

<l 
<l 
<l 
1 
1 
<l 
1 

<l 

1 
1 
2 
1 
1 
1 
1 
0 
0 
0 
2 
2 
2 
1 
1 
0 

NT 
2 
1 
0 
2 
2 
4 
2 
2 
3 
4 
0 
3 
3 
3 
0 
2 
1 
0 
2 
1 
0 
1 

0 
2 
1 
3 
3 
2 
0 
3 
0 
0 
1 
2 
1 
1 
0 
1 

NT 
1 
0 
0 
1 
3 
3 
1 
0 
1 
1 
0 
2 
2 
3 
2 
2 
3 
3 
2 
3 
2 
2 
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Table (cont.) 

Fish Id. # Site Location Tubular Melano- Eosinophilic Parasites 

Necrosis macrophages granules 

111 LMB Hog Island 0 Q 1 1 

‘NT : No Tissue, but included in gross necropsy data 
Tubular Necrosis: O=absent,l=mild,2=moderate,3=severe 
Melanomacrophage: Average number per 8-10 high power fields 
Eosinophilic granules: O=absent, l=mild, P=moderate, 3=severe 
Parasites: O=absent, 1 =mild, 2=moderate, 3=severe 
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Table 13. Histopathology scoring of kidney tissue from brown bullhead (BB) from four 
portions of the lower Neuse River, 1991: 

Fish Id. # Site Location Tubular Melano- Eosinophilic Parasites 
Necrosis macrophages granules 

7 BB 
8 88 
9 BB 
19 BB 
20 88 
21 88 
22 BB 
25 BB 
43 66 
44 BB 
46 BB 
47 BB 
48 88 
49 BB 
51 88 
52 BB 
53 BB 
54 BB 
71 BB 
75 88 
93 BB 
96 BB 
112 BB 
113 BB 
115 BB 
116 BB 
117 BB 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
4 
4 
1 
3 
3 
1 
2 
<l 
1 
1 

<l 
<l 
1 
1 
<l 
<l 
<l 
2 
3 
2 
<l 
2 
3 
3 
4 
2 

‘Tubular Necrosis: O=absent,l=mild,2=moderate,3=severe 

1 
0 
1 
1 
1 
0 
0 
0 
1 
0 
2 
1 
3 
2 
2 
0 
1 
2 
3 
4 
0 
0 
0 
2 
0 
0 
0 

2 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Melanomacrophage: Average number per 8-10 high power fields 
Eosinophllic granules: O=absent, l=mlld, 2=moderate, 3=severe 
Parasites: O=absent, 1 =mild, a-moderate, 3=severe 
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Table 14. Histopathology scoring of gill tissue from pumpkinseeds (PS) 
from four portions of the lower Neuse River, 1991.’ 

Fish Id # Site Location Telangiectasis Epithelial Parasites 

4PS 
5PS 
6PS 
11 es 
12 PS 
14 PS 
15 PS 
16 PS 
23 PS 
29 PS 
30 PS 
32 PS 
33 PS 
34PS 
38 PS 
37 PS 
38PS 
39 PS 
4OPS 
41 PS 
59 PS 
61 PS 
62 PS 
63 PS 
64PS 
65 PS 
68PS 
69 PS 
70 PS 
73 PS 
76 PS 
101 PS 
102 PS 
103 es 
104 PS 
105 PS 
106 PS 
107 PS 
109 PS 
110 es 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slucum Creek 
Slocum Creek 
Siocum Creek 
Siocum Creek 
Slocum Creek 
Slocum Creek 

Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
1 
1 
1 

NT 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 
2 

NT 
1 
2 
0 
0 
1 
0 

0 
1 
0 
0 

NT 
0 
0 
0 
0 
0 
0 

0 0 
1 0 
2 0 
1 T 

NT NT 
2 P 
1 0 
1 T 
1 0 
2 P 
1 0 
1 T 
2 T 
1 T 
1 0 
1 t 
1 0 
1 0 
2 0 
0 0 
0 0 
2 0 

NT NT 
2 0 
1 0 
2 P;T 
0 0 
2 0 
1 T 
3 T 
3 T 
1 0 
1 0 

NT NT 
3 0 
2 T 
1 0 
2 0 
3 0 
3 T 
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Table (cont.) 

Fish Id # Site Location Telangiectasls Epitheiial Parasites 

113 PS Hog Island 0 4 0 
114 PS Hog Island 0 2 0 

*NT: No Tissue, but included in gross necropsy data 
Condition: O=no lesion, 3-more diffuse tissue 
Parasites: T=tapeworm, P=protozoa, M=myxosporidean 



Table 15. Histopathology scoring of gill tissue from largemouth bass (LMB) 
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from four portions of the lower Neuse River, 1991.. 

Fish Id It Site Location Telangiectasis Epithelial Parasites 

1 LMB 
2 LMB 
3 LMB 
lo LMB 
17 LMB 
18 LMB 
24 LMB 
26 LMB 
27 LMB 
28 LMB 
31 LMB 
35 LMB 
42 LMB 
45 LMB 
50 LMB 
55 LMB 
56 LMB 
57 LMB 
58 LMB 
80 LMB 
66 LMB 
67 LMB 
72 LMB 
74 LMB 
77LMB 
78 LMB 
79 LMB 
80 LMB 
81 LMB 
82 LMB 
91 LMB 
92 LMB 
94LMB 
95 LMB 
97 LhtlB 
98 LMB 
99 LMB 
100 LMB 
108 LMB 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Siocum Creek 
Siocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Idand 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog island 

NT 
NT 
3 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

NT NT 

NT NT 

1 P 
2 0 
1 M 
1 P 
0 0 
2 T 
2 P 
2 P 
0 0 
0 0 
1 0 
1 0 
2 0 
0 0 
1 0 
1 0 
1 0 
0 0 
1 0 
0 M 
2 T,P 
2 T 
1 0 
1 0 
0 0 
1 0 
0 M 
1 0 
0 0 
0 0 
0 0 
0 0 
1 M 
1 P 
1 N 
2 0 
1 0 
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Table (cont.) 

Fish Id # Site Location Telangiectasis Epfthelial Parasites 

111 LMB Hog Island 1 1 T 

‘NT: No Tissue, but included in gross necropsy data 
Condition: O=no lesion, 3-more diffuse tissue 
Parasites: T=tapeworrn, P=prototoa, M=myxosporidean 
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Table 16. Histopathology scoring of gill tissue from brown bullheads (BB) 
from four portions of the lower Neuse River, 1991.’ 

Fish Id # Site Location Telangiectasis Epltheiial Parasites 

7BB Slocum Creek 0 3 0 

8 BB Slocum Creek 1 1 0 

9BB Slocum Creek 1 3 0 

19 BB Slocum Creek 0 3 T 

20 68 Slocum Creek 1 2 0 

21 88 Slocum Creek 1 3 0 

22 66 Siocum Creek 1 2 0 

25 BB Slocum Creek 1 3 T 

43 88 Hancock Creek 1 3 0 

44 66 Hancock Creek 2 3 0 

46 BB Hancock Creek 1 2 0 

47 BB Hancock Creek 2 4 0 
48 88 Hancock Creek 1 2 0 
49 88 Hancock Creek 2 2 0 
51 88 Hancock Creek 1 2 0 

52 BB Hancock Creek 0 2 0 
53 88 Hancock Creek 0 2 T 
54 66 Hancock Creek 0 1 0 
71 88 New Bern 0 4 T,C 
75 BB New Bern 2 3 M 
93 88 Hog Island 0 4 0 
96 88 Hog Island 0 3 0 
112 BB Hog island 0 3 0 
115 BB Hog Island 2 3 0 
116 BB Hog Island 1 3 0 
117 66 Hog island 1 3 0 

‘Condition: O=no lesion, 3-more diffuse tissue 
Parasites: T=tapewonn, Prprotozoa, Mrmyxosporidean 
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Table 17. Histopathology scoring of stomach tissue from pumpkinseeds 
(PS) from four portions of the lower Neuse River, 1991.’ 

Fish Id. # Site Location Hemorrhage Parasites 
Classification YIN 

4PS 
5PS 
6PS 
11 PS 
12 PS 
14 PS 
15 PS 
16 PS 
23 PS 
29 PS 
30 PS 
32 PS 
33 PS 
34PS 
36 PS 
37 PS 
38 PS 
39 PS 
4oPS 
41 PS 
59 PS 
61 PS 
62 PS 
63 PS 
64PS 
65 PS 
68 PS 
69 PS 
70 PS 
73 PS 
76 PS 
101 PS 
102 PS 
103 PS 
104 PS 
105 PS 
106 PS 
107 PS 
109 PS 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 

Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 

NT 
0 
0 
0 

NT 
0 
0 
0 
0 
0 
0 
0 

NT 
NT 
NT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

N 
N 

NT 
Y 
Y 
Y 

NT 
N 
N 
N 
N 
N 
Y 
N 

NT 
NT 
NT 
Y 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
Y 
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Table (cont.) 

Fish id. It Site location Hemorrhage Parasites 
Classification Y/N 

110 PS 
114 PS 

Hog Island 0 N 
Hog Island NT NT 

*NT: No Tissue, but included in gross necropsy data 
Hemorrhage: Orabsent 1 =focal 2=multifocal 
Parasitic Cysts Present (Y) Absent (N) 
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Table 18. Histopathology scoring of stomach tissue from largemouth bass 
(LMB) from four portions of the lower Neuse River, 1991.. 

Fish Id. # Site Location Hemorrhage Parasites 
Classffication Y/N 

lLM5 
2 LMB 
3 LMB 
10 LMB 
17 LMB 
18 LMB 
24 LM5 
26 LMB 
27 LMB 
20 LMB 
31 LMB 
35 LMB 
42 LMB 
45 LMB 
50 LMB 
55 LMB 
56 LMB 
57LMB 
50 LMB 
60 LMB 
66 LMB 
67 LMB 
72 LMB 
74 LMB 
77LMB 
78 LMB 
79 LMB 
80 LMB 
81 LMB 
82 LMB 
91 LMB 
92 LMB 
94Lh45 
95 LMB 
97 LMB 
98 LMB 
99 LMB 
100 LMB 
108 LMB 

Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 
Slocum Creek 

Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 
Hancock Creek 

New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
New Bern 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 
Hog Island 

0 
0 

NT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NT 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 

Y 
N 

NT 
Y 
Y 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 

NT 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



Table (cont.) 

Fish id. t Site Location Hemorrhage Parasites 

Classification Y/N 

111 LMB Hog Island NT NT 

‘NT: No Tissue, but included in gross necropsy data 
Hemorrhage: O=absent 1 =focal 2=multifocal 
Parasitic Cysts Present (Y) Absent (N) 
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Table 19. Histopathology scoring of stomach tissue from brown bullhead 
(55) from four portions of the lower Neuse River, 1991.. 

Fish Id. W Site Location Hemorrhage Parasites 
Classification Y/N 

7 55 Slocum Creek 
6 55 Slocum Creek 
9 55 Slocum Creek 
19 55 Slocum Creek 
20 55 Slocum Creek 
21 55 Slocum Creek 
22 55 Slocum Creek 
25 55 Slocum Creek 
43 55 Hancock Creek 
44 55 Hancock Creek 
46 55 Hancock Creek 
47 55 Hancock Creek 
48 55 Hancock Creek 
49 55 Hancock Creek 
51 55 Hancock Creek 
52 55 Hancock Creek 
53 55 Hancock Creek 
54 55 Hancock Creek 
71 55 New Bern 
75 55 New Bern 
93 55 Hog Island 
96 55 Hog Island 
112 55 Hog Island 
113 55 Hog Island 
115 55 Hog Island 
116 55 Hog Island 
117 55 Hog Island 

0 
0 
0 
0 
0 
2 
0 
0 
1 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 l 

0 

NT 

0 

0 

0 

N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 

NT 
N 
N 
N 

*NT: No Tissue, but included in gross necropsy data 
Hemorrhage: O--absent 1 =focal 2=multifocal 
Parasitic Cysts Present (Y) Absent (N) 
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Table 20. Contingency table analyses of liver histopatho- 
logical variables in three species of fish collected from the 
lower Neuse River Basin, 1991. Histopathological scoring 
criteria and raw data are provided in Tables 5, 6, and 7. 

Species 

Pumpkinseeds 

Necrosis Inflammation Fatty Liver Parasites 

s 

Largemouth Bass NSD 

Brown Bullheads SD 

Table 21. Response counts for liver parasite scoring in 
pumpkinseeds collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 5. 

Histopath Hancock 
score Creek 

Hog 
Island 

New 
Bern 

Slocum 
Creek 

0 5 1 7 a 

1 4 5 2 2 

2 0 4 0 1 

3 1 0 0 0 
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Table 22. Response counts for liver fatty vacuolization for 
brown bullheads collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 7. 

Histopath Hancock Hog New Slocum 
Score Creek Island Bern Creek 

0 2 0 2 0 

1 3 3 0 4 

2 4 2 0 2 

3 1 2 0 2 

Table 23. Mean counts of liver melanomacrophages in the 
livers of three species of fish from the lower Neuse River Basin, 1991. 
Means followed by different letters within species groups are 
significantly different. 

Species Location 

Brown Bullheads Hancock Creek 

Hog Island 

Slocum Creek 

N 
Standard 

Error 

2 6.50 A 2.22 
7 5.93 A 2.59 

18 1.64 B 1.66 

Largemouth BassHancock Creek 

Hog Island 

Slocum Creek 

19 
10 
10 

1.45 1.49 
1.90 1 l 37 
2.20 1.54 

Pumpkinseed Hancock Creek 10 2.45 1.49 
Hog Island 10 3.40 1.64 
New Bern 9 2.61 1.38 

Slocum Creek 11 5.27 2.24 
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Table 24. Contingency table analyses of spleen histopatho- 
logical variables in three species of fish collected from the 
lower Neuse River Basin, 1991. Histopathological scoring 
criteria and raw data are provided in Tables 8, 9, and 10. 

Species Condition Parasites 

Pumpkinseeds 

Largemouth Bass NSD 

Brown Bullheads SD 

Table 25. Response counts for spleen parasite scoring in 
largemouth bass collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 9. 

Histopath 
score 

Hancock 
Creek 

Hog N0W Slocum 
Island Bern Cti 

0 3 0 8 4 

1 6 8 3 6 

2 0 2 0 0 
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Table 26. Mean counts of elipsoids and melanomacrophages 
in the spleen of three species of fish form the lower Neuse River 
Basin, 1991. Means followed by different letters within species 
groups are significantly different. 

Species Location N Mean Standard Error 

55 
m 
88 
55 

LMB 
ml5 
LMB 
LMB 
R 
Fs 
ps 
Fs 

l-c 
NBC 
NED 

9c 
l-c 

NBC 
NED 
32 
l-c 

NBC 
N5-D 

s 

10 27.6 A 
7 24.1 A 
1 13.0 A 
8 34.2 5 
9 21.78 
10 22.70 
11 20.82 
10 28.60 
10 27.30 
10 31.30 
10 35.50 
11 37.91 

2.49 
2.72 

2.60 
3.58 
2.52 
3.22 
3.01 
4.33 
3.19 
3.45 
3.84 

Table 27. Contingency table analyses of kidney histopatho- 
logical variables in three species of fish collected from the 
lower Neuse River Basin, 1991. Histopathological scoring 
criteria and raw data are provided in Tables 11, 12, and 13. 

Tubular 
Necrosis 

Wnophilic 
Infiltration Parasites 

Pumpkinseeds 

lkgemouth Bass 

Brown Bullheads 
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Table 28. Response counts for kidney parasite scoring in 
pumpkinseeds collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 11. 

Histopath Hancock 

score Creek 

0 3 

Hog 
Island 

0 

New 

Bern 

3 

Slocum 
Creek 

3 

1 5 1 5 ? 

2 1 3 1 2 

3 1 6 0 2 

Table 29. Response counts for kidney parasites in large- 
mouth bass collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 12. 

Histopath 
score 

Hancock 
Creek 

Hog 
Island 

New Skxum 
Creek 

0 2 0 3 4 

1 5 1 4 1 

2 1 5 2 2 

3 0 4 2 3 
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Table 30. Response counts for kidney esonophillic infil- 
tration in brown bullheads collected from the lower Neuse 
River Basin, 1991. Scoring criteria are provided in Table 13. 

Histopath Hancock Hog New Slocum 

SCORI Creek Island Bern Creek 

0 2 6 0 4 

1 3 0 0 4 

2 4 1 ’ 0 0 

3 1 0 1 0 

4 0 0 1 0 

Table 31. Mean melanomacrophages in the kidney of three 
species of fish from the lower Neuse River Basin, 1991. 
Means followed by different letters within species 
groups are significantly different. 

l 

Species Location N Mean 

Brown Bullhead Hancock Ck. 10 0.40 A 
Hog Island 7 2.29 B 
New Bern 2 2.50 B 

Slocum Creek 8 2.62 B 

0.72 
1.12 
0.84 
1.09 

Largemouth Bass Hancock Ck. 8 0.13 0.59 
Hog Island 10 0.44 0.73 
New Bern 11 0.18 0.64 

Slocum Creek 10 0.90 0.84 

Pumpkinseed Hancock Ck. 10 0.00 A 0.00 
Hog Island 10 0.10 A 0.56 
New Bern 9 0.00 A 0.00 

Slocum Creek 10 0.95 B. 0.91 
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Table 32. Contingency table analyses of gill histopatho- 
logical variables in three species of fish collected from the 
lower Neuse River Basin, 1991. Histopathological scoring 
criteria and raw data are provided in Tables 14, 15, and 16. 

Species Telangiectasis Epithelial Parasites 

Pumpkinseeds SD 

Largemouth Bass NSO 33 

Brown Bullheads s3 

Table 33. Response counts for telangiectasis in gill 
filaments of brown bullheads collected from the lower Neuse 
River Basin, 1991. Scoring criteria are provided in Table 16. 

Histopath Hancock 
score Crwk 

0 5 

Hog 
IsJand 

10 

New 
Bern 

4 

Slocum 
Cti 

6 

1 5 0 3 4 

2 0 0 2 0 
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Table 34. Response counts for gill parasite scoring in 
largemouth bass collected from the lower Neuse River 
Basin, 1991. Scoring criteria are provided in Table 15. 

Histopath Hancock Hog New Slocum 

score Creek Island Bern Cr;eek 

0 10 6 6 2 

1 0 4 4 6 

Table 35. Response counts for gill parasite scoring in brown 
bullheads collected from the lower Neuse River Basin, 
1991. Scoring criteria are provided in Table 16. 

Histopath Hancock Hog New Slocum 
score Cnek Island CtWk 

0 9 6 0 6 

1 1 0 2 2 



F-50 

Table 36. Blood variables in pumpkinseed collected from four locations in 
the lower Neuse River, 1991. 

AST 
(IU/L) 

ALT 
(IWL) 

ALP 
(NJ/L) 

;mollL) 

:mmollL) 

Cl 
(mmol/L) 

TC02 
(mmol/L) 

Glucose 
OWJW 

Osmoiality 
(Mosm) 

m 
N 

Significant Dlff. 

SD 
N 

Significant Diff. 

SD 
N 

Significant Diff. 

SD 
N 

Significant Dlff. 

New Bern Hog Island Slocum Cr. Hancock Cr. 

97.4 87.5 95.73 95 
46.12 45.16 94.05 61.85 

10 10 11 9 

34.7 20 18.45 34 
23.94 12.75 12.51 27.81 

10 10 11 Q 

17 9.9 13.27 15.33 
8.63 9.19 6.07 13.39 

9 10 11 Q 

153.78 151.1 155 148.67 
4.12 5.24 5.61 6.32 

9 10 11 Q 

3.59 4.66 2.93 3.71 
1 1.08 1.72 1.54 
Q 10 11 9 

AB A B AB 

99.11 100.1 95.36 90 
4.59 6.67 3.61 4.33 

Q 10 11 Q 
A A AB B 

4.22 4.1 3.45 11.76 
2.39 2.28 1.21 2.88 

Q 10 11 D 
A A A B 

154.67 152.4 123.82 122.56 
31.43 45.34 23.49 42.24 

Q 10 11 9 

307.4 305.2 297.46 266.83 
12.6 22.33 8.07 13.66 

9 10 11 6 

30.4 25.67 34 29.22 
4.12 6.87 5.Q8 6.38 
10 9 11 9 
AB B A AB ’ 
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Table (cont.) 

Protein Mean 5.3 4.59 5.71 4.84 

(GIDL) SD 0.84 0.61 0.9 0.33 
N 10 9 11 10 

Significant Diff. AB B A B 

Hemoglobin 
(G/DL) 

EE6) SD 
N 

New Bern Hog Island Slocum Cr. Hancock Cr. 

7.22 5.96 6.79 6.22 
1.18 1.35 1.12 1.52 

Q 9 11 10 

2.06 1.88 2.4 2.41 
0.24 0.61 0.24 0.43 

3 4 6 4 
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Table 37. Blood variables in largemouth bass collected from four locations 
in the lower Neuse River, 1991. 

AST 
(IUIL) 

ALT 
(IU/L) 

ALP 
(IU/L) 

:mollL) 

:mmollL) 

Cl 
(mmoi/L) 

(mmol/L) 

Glucose 

OWW 

Osmolality 
(Mosm) 

Proteln 
WW 

Mean 41 32.9 26.8 30.8 
SD 31.12 25.05 19.97 29.25 
N 10 10 10 10 

4 3.5 3.1 7.2 
2.16 2.01 3.03 7.74 
10 10 10 10 

Mean 
SD 
N 

Significant Dlff. 

Mean 
SD 
N 

48.2 57.6 53.5 42.7 
13.44 14.05 11.07 8.22 

10 10 10 10 
AB A AB B 

156.4 156.3 157.5 150.5 
3.2 4.06 5.74 9.66 
10 10 10 10 

Mean 1.02 0.95 0.68 0.89 
SD 0.5 0.57 0.54 0.56 
N 10 10 10 10 

SD 
N 

Significant Diff. 

118.1 123.2 113.4 105.3 
5.93 7.5 6.1 6.25 
10 10 10 10 
AB A B C 

5.9 5.4 5.4 8 
2.69 2.22 1.65 3.92 
10 10 10 10 

176.5 195.3 136 187 
41.15 42.78 60 92.81 

10 10 10 10 

318.5 317 311.7 316.2 
6.82 3.97 8.87 13.22 
10 10 10 10 

35.22 37.88 37.4 37.8 
3.35 8.36 4.06 5.37 

9 9 10 10 

5.69 8.06 6.43 6.11 
0.7 0.78 0.61 0.73 
9 9 10 10 

New Bern Hog Island Slocum Cr. Hancock Cr. 
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Table (cont.) 

Hemoglobin Mean 8.11 
(G/01) SD 0.65 

N 9 
Significant Diff. A 

Mean 2.46 
33 0.31 
N 8 

Significant Diff. AB 

New Bern Hog Island Slocum Cr. Hancock Cr. 

7.09 7.58 6.55 
0.67 1.05 0.81 
10 10 10 
Bc AC B 

2.29 2.57 2.63 
0.16 0.31 0.21 

9 10 10 
A AB B 
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Table 38. Blood variables in brown bullhead collected from four locations in 
the lower Neuse River, 1991. 

AS1 
(IU/L) 5) 

N 

ALT 
(IWL) SD 

N 

ALP 
(IWL) 

Na 
(mmol/L) SD 

N 

K 
(mmol/L) so 

N 

Cl 
(mmol/L) so 

N 

TCO2 
(mmol/L) SD 

N 
Significant Diff. 

Glucose 
(mg/DL) SD 

N 

Osmolality 
(Mosm) so 

N 

SD 
N 

Significant Dlff. 

Protein 
WW 

New Bern Hog Island Slocum Cr. Hancock Cr. 

175.3 167.5 177.75 213.7 
70.24 67.18 48.06 47.05 

0 2 8 10 

3.36 
7.56 

8 

0 
0 
2 

1 
1.41 

0 

2.2 
1.03 
10 

20.63 20 10.5 24.6 
10.51 0 12.34 8.68 

8 2 8 10 

127.5 123.5 127.75 126.2 
10.31 4.95 9.82 3.2 

8 2 2 10 

3.29 3.2 2.7 3.07 
0.46 0 0.26 0.64 

0 2 8 10 

112.75 112.5 114.25 110.8 
5.28 3.54 5.78 2.15 

8 2 8 10 

4.75 7.5 4.25 7.8 
1.49 0.71 1.39 3.52 

8 2 8 10 
AB AB A B 

85.63 86.5 72 99.7 
40.1 2.12 16.45 19.02 

8 2 8 10 

264.86 265.5 269.38 286.1 
11.36 3.54 11.36 5.38 

0 2 8 10 

28.29 24 33.13 42.4 
4.54 0 6.27 4.08 

7 1 8 10 
A A A B 

4.23 
0.26 

7 

4.3 
0 
1 

. I 

4.75 4.58 
0.88 0.29 

8 10 
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Table (cont.) 

Hemoglobin Mean 6.96 6.5 9.23 9.8 
(G/DL) SD 1.3 0.14 2.16 0.89 

N 7 2 8 10 
Significant Diff. C Bc AB A 

(xl OE6) SD 
N 

New Bern Hog Island Slocum Cr. Hancock Cr. 

1.41 1.31 1.54 1.62 
0.43 0 0.3 0.16 

7 1 8 10 



Table 39. Blood variables exhibiting significant difference 

Variable 

ALP 

K 

Cl 

TC02 

PCV 

Protein 

Hemoglobin 

New Bern 

Largemouth bass - AB 

Pumpklnseed - AB 

Largemouth bass - AB 
Pumpkinseed - A 

Brown bullhead - AB 
Pumpklnseed - A 

Brown bullhead - A 
Pumpkinseed - AB 

Pumpklnseed - AB 

Largemouth bass - A 
Brown bullhead - C 

Largemouth bass - AB 

Hoa Island 

between sample sites. 

Slocum Cr. 

Largemouth bass - A 

Pumpklnseed - A 

Largemouth bass - A 
Pumpklnseed - A 

Brown bullhead - AB 
Pumpklnseed - A 

Brown bullhead - A 
Pumpklnseed - B 

Pumpklnseed - B. 

Largemouth bass - BC 
Brown bullhead - BC 

Largemouth bass - A 

Largemouth bass - AB 

Pumpklnseed - B 

Largemouth bass - B 
Pumpkinseed - AB 

Brown bullhead - A 
Pumpklnseed - A 

Brown bullhead - A 
Pumpkinseed - A 

Pumpkinseed - A 

Largemouth bass - AC 
Brown bullhead - AB 

Largemouth bass - AS 

Hancock Cr. 

Largemouth bass - B 

Pumpkinseed - AB 

Largemouth bass - C 
Pumpkinseed - B 

Brown bullhead - B 
Pumpkinseed - B 

Brown bullhead - B 
Pumpkinseed - AB 

Pumpkinseed - B 

Largemouth bass - B 
Brown bullhead - A 

Largemouth bass - B 
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New Bern 
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Figure 1. Fish collection locations, 1991. 
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Summary 
This study was conducted to determine the potential effects Of 

metal enrichment in Slocum Creek on the health of the biological 
resources in the creek. It was conducted in two phases. In the first 
phase we examined the existing data on organic and metal 
contaminants in fish from Slocum Creek. We found these data 
incomplete and collected in a fashion that did not allow for statistical 
evaluation. From these data it was not even possible to determine if 
contaminant concentrations in fish were elevated compared to fish 
collected in other portions of the lower Neuse River, or elsewhere. 
Howeyer, because these early chemical analyses were conducted on 
the edible portions of fish, we were able to compare reported metal 
concentrations with existing guidelines for human consumption. 

In the second phase of the study, we evaluated the health of the 
Slocum Creek fish population and ecosystem. We assessed a variety 
of toxicological, ecological, physiological and pathological variables 
and compared them among fish collected from Slocum Creek and 
other sites selected to represent non-metal enriched habitats. Field 
components of these studies were conducted during 1991,1992, and 
1993. 

Review and evaluation of studies conducted prior to the current 
study 

1. Marine Corps-sponsored studies conducted prior to the current 
study appeared to be analytically sound, yet lacking in experimental 
design characteristics that would support an assessment of 
contamination in Slocum Creek relative to other sites. 

2. The State of North Carolina has no predetermined guidelines for 
maximum allowable metal concentrations intended for human 
consumption, therefore it is not possible to compare metal 
concentrations in fish flesh from Slocum Creek against state standards. 

3. International guidelines have been recommended for metal 
concentrations in fish to be consumed by humans. Fish from Slocum 
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Creek collected prior to 1991 exceeded the recommended international 
action limit for arsenic (10% of samples), chromium (40%), copper 
(lo%), lead (lo%), mercury (43%), and zinc (7%). 

4. The Food and Drug Administration has an established guideline of 1 
ppm (dry wt.) mercury in fish. None of the fillets exceeded the FDA 
action limit of 1 ppm (dry wt.) for mercury. 

Current Study 

1. Metal concentrations in brown bullheads from Slocum Creek were 
not- different from those in Hancock and Goose Creeks. 

2. Metal concentrations in brown bullheads from the East Prong, 
Southwest Prong, and mainstem of Slocum Creek were not different. 

3. I Salinity data and patterns of metal residues in brown bullheads 
suggest that movement of fish among sampling sites was minimal and 
would not explain the apparent lack of differences in metal 
concentrations among creeks. 

4. Metal concentrations in brown bullheads do not reflect metal 
enrichment of sediments as reported by Riggs (1991). 

5. Bioassays of surface water from Slocum ahd Hancock Creeks 
demonstrated little toxicity with no consistent ‘hot spots’ of toxicity 
noted and no differences among creeks. 

6. Bioassays of sediments and sediment porewater demonstrated 
differences in sensitivities among tests organisms. 

7. Sediment samples exhibiting varying degrees of toxicity to 
biological organisms were found in all creeks. Some samples were 
extremely toxic, while others were non-toxic to our suite of test 
organisms. The incidence of samples demonstrating toxicity was not 
higher in samples collected in Slocum, compared to Hancock and 
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Goose Creeks. Thus we found no evidence that sediments from 
Slocum Creek were more toxic than those from Hancock and Goose 
Creeks. 

8. Sediment and sediment porewater bioassay results did not 
correlate well with total extractable metal concentrations in sediments, 
suggesting the presence of toxic substances other than those 
measured (such as ammonia or hydrogen sulfide), complex 
interactions of multiple toxicants at multiple sites in the lower Neuse 
River system, or chemical and physical variables that affect the 
bioavailability of metals in sediments. 

9. Fish species composition was similar among Slocum, Hancock, and 
Goose Creeks. The number of species collected was similar among 
creeks and similar to estuarine sites throughout Chesapeake Bay. 

10. Age composition, survival, and growth for brown bullhead and 
white catfish was similar among Slocum, Hancock, and Goose Creeks 
and similar to published results for other systems. 

11. Pumpkinseed growth differed significantly among creeks, but 
growth within Slocum Creek was better than published results from 
other coastal North Carolina populations. We found relatively few older 
pumpkinseed within Slocum Creek, which could be due to 
contaminants or to fishing pressure. 

12. Length-weight relationships for brown bullhead and white catfish 
were similar among creeks and to published results. The liver 
weight:body weight ratio, which is a widely used indicator of 
contaminant effects in fish, was low for brown bullhead in all three 
study creeks compared to other areas. 

13. Hematological and pathological evidence suggest that there are 
differences among Slocum Creek, Hancock Creek and the Neuse River 
at New Bern and Hog Island. However, the magnitude and pattern of 
these differences do not indicate that fish from Slocum Creek are 
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unhealthy relative to fish from the other study sites. 

Recommendations 

1. The results of our study indicate that the enhanced levels of metals 

present in the sediments of Slocum Creek are not readily bioavailable 
to fish. The reasons for the low bioavailability were not investigated but 
most likely are linked to other physical and chemical properties of the 
sediments. Disturbances to Siocum Creek sediments may alter the 
physical and chemical properties of the sediments that currently appear 
to be sequestering the metals in sediments, and thus preventing the 
metals from accumulating in biological tissues. Likewise, changing the 
physical or chemical properties of the waters of Siocum Creek could 
alter the bioavaiiabiiity of metals. We strongly recommend that projects 
that might alter the chemical and physical properties of sediments and 
waters of Siocum Creek be thoroughly evaluated with respect to 
potential influences on metal bioavaiiabiiity. For example, a shift in the 
discharge site for the sewage treatment plant at Cherry Point from 
Slocum Creek to the Neuse River may influence the salinity, and 
potentially other chemical and physical properties in the surface waters 
of Slocum Creek. Construction projects that disturb sediments over 
large areas of Siocum Creek may also result in pH shifts as well as 
other changes that may resutt in an increase in the bioavailability of 
metals from sediments to the biota. 

2. The factors controlling metal bioavailabiiity in Slocum Creek are not 
known. In anticipation of current (the change of the treated sewage 
discharge site from Siocum Creek to the Neuse River) and future 
events that may alter the chemical and physical properties of 
sediments, it is recommended that mechanisms controlling the 
bioavailability of metals from sediments be investigated and modeled. 
These models should be included in future environmental assessments 

9 for ail proposed projects impacting Slocum Creek. 
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3. Bioassay results revealed a considerable number of sediment 
samples from Slocum, Goose, and Hancock Creeks that demonstrated 
toxicity. This was an unexpected finding. It is recommended that the 
nature of this toxicity be investigated, including its causes and 
distribution in the lower Neuse River. This might be most effectively 
accomplished in concert with Recommendation No. 2. 

4. Remediation of the metal enrichment in Slocum Creek should not be 
considered at this time. The physical and chemical properties of 
sediments seem to be minimizing the bioavailablity of metals to fish. 
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FISH AND WILDLIFE MANAGEMENT PLAN, 
MARINE CORPS AIR STATION, 

CHERRY POINT, N.C. 
(ROGERS, 1990) 
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This plan succeeds the 1978 Long Range Fioh and Wildlife 
Management Plan. The purpose of this plan is to provide a 
document outlining the basic principles and objectives that guide 
the program. The current status of fish and wildlife resources at 
MCAS Cherry Point is provided. A description of the fish and 
wildlife resources and wildlife habitat types is found in the 
basic text of the Multiple-Use Natural Resources Plan (MUNRP). 
This Fish and Wildlife Plan is not designed to be a wildlife 
management @'cookbook't. Because many management techniques are 
continually being revised or updated, only a few are described in 
detail. New techniques and ideas will be continually incorporated 
into the program in accordance with the Marine Corps Order 
~1100.8B requirement that the Fish and Wildlife Management Program 
be "active and progressive". 

This plan differs significantly from the 1978 plan. In 1978, 
many of the programs described herein either did not exist or were 
just getting 6tarted. Emphasis has evolved from inventory of 
resources and establishment of basic policy to the improvement.of 
existing programs and planning for new initiatives. However, 
there ~$11 continue to be a need for basic inventory work, 
especially in conjunction with new programs. 

Detailed work plans will be contained in the Annual Operational 
Plan (AOP) that is submitted each year to Headquarter6 Marine 
Corps (HQMC). The MUNRP, the Fish and Wildlife Management Plan, 
and the AOP are designed to work together and fulfill the planning 
requirements of MC0 P1100.8B and the Sikes Act (Natural Resources 
and Fish and Wildlife Management on Military Reservations). 

At the present time, MCOLF Oak Grove, MCOLF Atlantic, MCALF 
Bogue, and the Piney Island Bombing Range (BT-ll), are managed 
using the same objectives and policies contained in this plan. 
Separate plans or ammendments for these areas will be developed as 
needed. 
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Military personnel have enjoyed the wildlife resource6 of MC= 
=d 

Cherry Point since 1941, when the station was constructed, Early 
game management efforts consisted primarily of controlling the use 
of areas by hunters and keeping record6 of game harvested- These 
functions were shared by the Provost Harshal's Office (PM01 and 
the Cherry Point Hunting and Fishing A66oCiation (CPHFA) l 

Wildlife law enforcement duties were the responsibility of PMO. 
At times the Chief Game Warden was also the president of the 
CPHFA. 

Bartlett Pond was constructed in 1953, and Catfish Pond was 
built in 1962. Duck Pond ~86 constructed in 1967. All the ponds 
were stocked with fish, although Duck Pond was originally planned 
as a waterfowl management area. Additional history of the ponds 
is included in the fishery management section. . 

In 1963, a system of wildlife food plots was established. The 
plots consisted mostly of annual type seed mixture6 planted in - 
open.areas around the runways. A 1972 'report of 88'acres is 
apparently the maximum amount that was planted. 
continued sporadically until 1980. 

The program 
The three acres of food plots 

planted that year were abandoned on the recommendation of a Bird 
Aircraft Strike Hazard (BASH) Team Report. The BASH team was 
concerned that food plots next to the runways would lure animals 
and birds into the path of aircraft on the runways. In 1981, a 
new system of food plots was started. 
away from the runways. 

All plots are now locatec‘ 

In 1964, a professional forester was hired. Fish and vildlife 
management practices were instituted as part of the the Forest 4 
Management Plan. These included saving wildlife den trees and 
establishing unlogged buffer zones along streams and ponds. 
Fisheries management assistance from the U.S. Fish and Wildlife 
Service began about this same time and continued until 1981 when 
federal budget cutbacks cancelled the program. North Carolina 
Wildlife Resources Commission (NCWRC) personnel took over 
responsibility of providing technical fisheries management 
assistance. 

In 1968, a Long Term Fish and Wildlife Management Plan was 
completed by the Naval Facilities Engineering Command for MCAS 
Cherry Point. 

In 1972, an ecologist was hired to oversee the wildlife and 
forestry programs, and to begin an environmental protection 
program. In 1974, a wildlife biologist was hired, primarily to 
manage an overpopulated deer herd that was interfering with 
aircraft operations. Intensive management of the deer herd and 
ofher wildlife resources began. 
started. 

Data collection systems were 
Wildlife law enforcement responsiblity was transferred 

from PM0 to the new Natural Resources and Environmental Affair6 
(NREA) Division. 
completed in 1980. 

Resource inventories and work on the HuNRP was 

An environmental engineer was hired in 1981, relieving the 
wildlife biologist of pollution control duties. For the first 
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time, MCAS Cherry Point had a full time professional responsible 
for the fish and vildlife program. 

When MCOLF Oak Grove was transfered from XCAS Neu River to HCAS 
Cherry Point in 1983, NREA began a wildlife management program at 
the 900 acre airfield. 

Program responsibility for outlying fields was consolidated 
under the Fish and Wildlife Division with the publication of Air 
Station Order P1710.1K (SOP for Hunting, Fil;hing, Trapping, and 
Boating at XC?LS Cherry Point and Outlying Fields) in 1985. The 
revised order opened NCOLF Atlantic Field for hunting after being 
closed for many years. 

. 
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The basic objectives of the the Fish and wildlife program have 
not changed since the original 1968 Plan- They are 6tated and -./ 
briefly explained below: 

1. Protrct the fi6b arid uildlifa r86OUlOw Of ncA8 Cherry 
Point. ~11 native wildlife 6pecies and their habitats must be 
protected if management programs are to rrucceed. Protection often 
does nef; me&n PreSerwdiOn Of the "Et6tU6 qU0". A6 an example, 
for a greatly overpopulated deer herd near the brink of 
starvation, protection might mean reducing the herd hize to a 
level more compatible with the available habitat. 

Protection from overexploitation is the result of proper harvest 
regulations and effective wildlife law enforcement. Protection 
from unecessary habitat debtruction i6 the result of an aggressive 
environmental impact review process and integrated land 
use/natural resource planning. 

2. .Xaka fish ma vildlifo rmourco8 8vril&l* on a continuing 
basin. Sound management allows consi6tent use of a resource on a 
yearly basis. Unmanaged re606urce6 are often subject to the "boom 
or bust" process, with little of no availablity during lean years. 

3, Enhance ffmh and rildlif. rO8OUCm8. 
wildlife species can be managed to stabilize 

Many populations of 
or increase their 

numbers and availablity. For example, a fish pond, fertilized ir 
the proper manner, can produce three to five times more fish thal. 
an unmanaged pond. A decision to try to enhance a fish or 
wildlife resource is based on the objective6 snd policies of the 
Program, demand by sportsmen and wildlife enthusiasts, and the 

-4 

availability of manpower and funds. Specific enhancement programs 
are described in the species management sections. 

4. 
Active 

Participate in thm multiple us0 of Narino cOrP8 proparty. 
coordination of the Fish and Wildlife program with 

development, training, forestry, and other umes 1s the only vay to 
ensure that fish and vildlifc resources arm not unmcessarily 
sacrificed. KAS Cherry Point has an active coordination program. 
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The following policy 6tatements vi11 be used to guide the fish 
and wildlife management program. 

1. ItrPpha8i8o n&iv@ 8pmd@s with 8 high pOt8nti81 for roeponse 
to manag88tOnt tOChIli~88. This policy is a basic economic 
decision. Trying to manage or increase populations of fish or 
wildlife species that are not well adapted to existing habitat is 
expensive. Emphasis will be placed on native species that are 
known to respond to management techniques. 

2. ?i8h md wildlife rasourao8 rill bm rvrilablo on 6 fair and 
l qurl br8i8. Hunting and fishing opportunities will be equally 
available to all persons qualified to participate. When hunting 
or fishing ,pressure must be limited, a lottery or a first-come, 
first-served policy will be used. Wildlife areas will be made 
available to non-consumptive users of wildlife such as bird 
watchers and wildlife photographers. . . 

3. "Feral animal population8 vi11 bo 6ontrolled. Cats, dogs, 
and other domestic animals are commonly abandoned in forested 
areas. Those that survive can become serious, unnatural predators 
or competitors of native species. Hare importantly, feral animals 
act as an uninoculated carriers of diseases that can be 
transmitted to wild and domestic animals as well as humans. Fish 
and Wildlife Division personnel will control feral animals by 
trapping, or by shooting when necessary. Live trapped animals 
will be euthanited in a humane manner. 

4.. Put-and-take stocking of game animrl8 vi11 not bm unad as a 
management technique. Survival of game farm animals in the wild 
is low and the cost per animal is high. This policy does not 
prevent the restocking of native wild animals into areas where 
good habitat is available. It also is not meant to prevent the 
use of pen raised birds for dog training purposes. 

5. MCA8 Cherry Point vi11 ~80 an l nViro~enta1 impact review 
proco8s to l liminato unoco888r-y impact8 on fi8h and rildlifo 
speciaa 6nd their habitat. Environmental assessment and review 
regulations contained in the National Environmental Policy Act 
(NEPA) and HCO P1100.8B will be used to minimize impacts on fish 
and wildlife resources due to development, training, or other 
activities. 
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brakground. MO6t of the game 6pi?de6 native t0 8a6tern North 
Carolina are preoent at HCAS Cherry Point. Thie i6 due to the 
wide variety of habitat types that are present. Each game species llil 
or type will be covered by a eeparate 6ection. It is not usually 
possible to manage for one bpecies vitbout affecting another. 
These interrelationships vi11 be pointed out in the text. 

l4magemrnt UOd8. The primary goal of the game management program 
is to provide a continuing 6ource of the benefits that result from 
healthy populations of native game species. Hunting i6 just one 
of the ways that people utilize these animals. Just observing 
some of the more visible species 6uch as deer or vaterfowl, 
provides enjoyment to many people. 

Some of the game bpecies, uuch as deer, can caudie damage to 
property or habitat when their population6 reach high levels. The 
basic challenge of the uildlife manager ir to maintain the 
pOpUlatiOiIS of these specie6 at a.level that provide6 utilization 
and enjoyment without causing rignificant problems. 

. . . 
Bfaa8goment Program. A basic management program for any game 
6pecies--has three parts: 

1. Collecting the biological data needed to make management 
decisions. 

2. Regulating exploitation of the 6pecies (6eason6, limits, 
manner of taking). 

3. Managing habitat. 

The complexity and intensity of each part depends on the species. 

The game animals are divided a6 follows: 

Big Game White-tailed deer 
Black bear 
Wild Turkey 

Small Game Gray squirrel 
Mourning dove 
Rabbit6 
Bobwhite quail 
Waterfowl 

. FIxbearers Raccoon 
Gray fox 
River otter 
Opossum 
Mu6krat 
Beaver 
Nutria 
Bobcat 
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BIU QAWIG 
Uhito-trilod dear (Odocoilauu virginianus) 

Background. The white-tailed deer io the most popular g=e animal 
at KAS Cherry Point. In 1986, 852 of all hunter effort was for 
deer. Deer hunting has been popular with station per6Onnel Since 
the station was constructed in 1941. According to old records, 
the deer harvest in 1961 and 1962 was 21 and 29 animals. During 
this period, most of the station was dense woodland. Starting in 
1964, logging operations thinned the forest and cleared large 
areas to expand the safety zones adjacent to the runways. The new 
growth of shrubs and herbaceous plant6 greatly increased the food 
supply for deer. The deer herd increased and became a hazard to 
aircraft operations. According to Grady Barnes, then district 
biologist for the NCWRC, unsuccessful attempts were made to 
tranquilize deer with dart guns fired from helicopters, in order 
to transport the deer off base. In 1971, otation personnel, 
assisted by Gary Woodyard and hi6 wildlife students from Wayne 
Community College, conducted a drive census. The result vas a 

_ population estimate of 1,000 animals. The NCWRC reccommended an 
immediate reduction of the herd. Urge, organized deer hunts were 
held during the next four years. A record 161 deer were harvested 
in 1973. The condition of the deer was generally noted as poor, 
but accurate record6 were not kept until 1977. The deer census 
conducted in 1975 estimated the herd at 250 animals. Drive census 
data is not always accurate, but it does indicate that there was a 
significant reduction in the herd from 1971 to 1975. It is 
interesting to note that although hunter6 killed 463 deer during 
1971-74, an estimated 1,600 deer would have had to die during the 
same period to account for the-reduction in the herd. This figure 
demonstrates the potential for waste of a natural resource that 
can occur in an over-populated, underhunted deer herd. Host of 
those 1600 animals probably died as young fawns, were hit by 
vehicles, or succumbed to a variety of diseases that infect deer, 
such as epizootic hemorrhagic disease (EHD). A160 known as 
bluetongue, EHD is a viral di6ea6e that can significantly affect 
overpopulated deer herds uith animals in poor condition. 

Intensive, scientific deer herd management started in 1977. By 
this time, MCAS Cherry Point employed a professional wildlife 
biologist to manage the herd. The collection of biological data 
from every deer killed by hunter6 was initiated. This 
information, along with census data, abomasal parasite counts, and 
analysis of kill statistics provided the basis for determining the 
required harvest to keep the herd size under control. 

Deer herd management took another step forward in 1982 when the 
NCWRC granted a request to allow the Commanding General to set the 
dates of the either-sex deer season, based on a recommendation by 
the MCAS Cherry Point wildlife biologist. The flexibility now 
exists to insure that a proper harvest of deer takes place each 
year. 

A tremendous amount of data has been collected during the past 
ten years. Much of the data collected ua6 used to justify longer 
either-sex seasons. A recent analysis indicated that the herd has 
stabilized at an optimum level of about 400-500 animals. In 1987, 
collection of abomasal parasite count data and reproductive 
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infarxmtion warn di6contfnued. Although thi6 information can be 
uccful to a deer herd manager, staffing levels did not allow fc 
continuing thio type of data collection in the face of increa6eL 
responsibilities for new initiative6 in other areas. yl 

nmmguent Qoala. The deer herd management program has three 
basic goals: 

1. Haintain the 6ize of the herd at a level that reduces the 
poraibility of deer-aircraft COlliOiOnS on the runways. 

2. Prwide recreation in the form of deer hunting and deer 
watching. 

3. Keep the size of the herd at a level that promote6 good 
health and phybical condition, and Praintains the quality of the 
habitat. 

Haa8gemmat Program. 

i‘. Data Colloctioa. 
. 

The following method6 Will be used to 
form a-data base upon which management decision6 will be made. 

a. .Deer Drive Ceamm. The drive cen6ub is a basic tool 
that give6 the deer herd manager two important type6 of 
information. It gives a rough estimate of the total nunber of 
deer, and it albo provide6 information a6 to whether the herd if 
increasing, decreasing, or remaining stable. Technically, the 
deer drive should be concidered an index rather than a census 
because it is more accurate in chewing relative change6 in the 
herd than it ib in enumerating the total number of deer. The dee 
drive takes place in wooded areas along roads or power lines. A 
description of the drive census method used is included in the 
appendix. 

b. Doer ?Ierd Reconstruction. Using the kill record6 from 
previous year6 privides another method of estimating herd size. 
The technique used at KAS.Cherry Point. follows the method 
described by Downing (1980). 
minimum herd rlze. 

It provide6 a good estimate of 
It also provides information on the sex ratio 

and age class compo6ition that the deer drive cen6us doe6 not. 

C. Doer EarPeat/Nortality Information. An effort is made 
to Collect the following information from every deer that is 
killed by hunters or that die6 from other cause6: 

L Date 
&cation 
Age 
Sex 
Dressed Weight 
Cauce of death 
Antler size 
Kidney fat 
Remarks (tumors, sbnormalities, etc.) 
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The success rate in collecting this data ie very high: nearly 100% 
for hunter killed deer. For deer that die of other cau6e6, the 
suCCes6 rate in collecting 6ex and age information is near 951. 

2. Regulated hunting. Air Station Order P1710.U governs the 
methods and areas for hunting. An Air Station Bulletin is 
published annually to set the 6ea6on date6 within the framework 
provided by the NCWRC. These regulation6 are generated and 
enforced by the HCAS Cherry Point Fish and Wildlife Division. 
They are con6istent with North Carolina laws and regulations. An 
effort is made to balance the control of hunters with the freedom 
necessary for an enjoyable hunt. Individual hunting is given 
priority over large organized hunt6 for bpecial groups. Hunters 
are free to chose their hunting areab, on a first-come, 
first-served baSi6. The number of hunter6 allowed in each area is 
limited to one hunter per 33 acres. All hunter6 must check in and 
out at the Game Warden office, and report all game killed. Legal 
weapons are shotgun, muzzleloading (black powder) rifles and 
6hOtgLln6, and bov and arrow. Bow hunting and muzzleloader hunting 
i6 encouraged through special 6easons. Either-sex hunting is the 
norm, and quotas are set to prevent excessive harvest in any one 
area. The regulations are flexible enough to allow the wildlife 
manager to control the harvest and meet the goal6 of the program. 

3. Habitat Xanagemsnt. Every undeveloped area at HCAS Cherry 
Point is used by deer at least part of the year. As a re6ult, 
habitat management needs are extensive rather thatn intensive. 
The best method of influencing deer habitat on a large ocale is by 
the integration of wildlife values into the forestry management 
program. Forestry practices affect 1,000 to 2,000 acres of .land 
each year, primarily through logging and prescribed burning. 
Prescriptions for forestry compartments due for timber sales are 
prepared by the Forestry Division with input from the Fish and 
Wildlife DiVi6iOn. Silvicultural practices that are frequently 
recommended and used include the retention of important mast 
producing tree species such as red and vhite oak, and the 
preservation of mixed hardvood/pine forest as oppooed to the 
conversion of mixed stands to pure pine. Prescribed burning 
practice6 that are done with wildlife habitat in mind include 
keeping fire out of hardwood forest habitat and burning non-forest 
areas to rejuvenate native grasses, herbs and shrubs that provide 
grazing and browsing for deer. These practice6 will continue to 
be the basis for extensive deer habitat management in the future. 

A small amount of planting, less than 10 acres per year, is done 
to provide winter forage for deer. Winter wheat is the most 
common planting. Plots from l/2 acre to 2 acre6 are planted in 
various locations. In addition to winter grazing forage for deer, 
when the wheat ripens in June, the seed provide6 food for doves, 
quail, and 6Ongbird6. 

mture Jtarmgement Conmiderationa. For many intensively managed 
deer herds, the next logical step after reducing the herd to a 
level that is compatible with the carrying capacity of the land 
is the consideration of a trophy management program. In most of 
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these programc, additional restrictiono kducc the kill of young 
baa&m, allowing more to grow to trophy nita. 
l till kept under control by ramoving doem. 

overall herd size 
Trophy management u. T-V 

be considered if a eyctem can be found that ic Colapatible with thk,& 
goal6 of the program. 
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SIQ aAKE 
Slack bmar (Urrue arericanu.6) 

Background. The black bear is a big game animal that occurs at 
KAS Cherry Point. Black hears have a very large home range. It 
is unlikely that there are any animals that restrict their 
movements to MCAS Cherry Point. They are normally seen along 
Hancock Creek or in the Station Ordnance Area. They are not 
present in large numbers. 

xanrgmmont . The hunting seson on bears is closed at MCAS Cherry 
Point, and it appears that this is the.only management practice 
neceosary or practical at this time. 

. 

.-- 
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llIQ aAx% 
8ild turkey (Xehagri8 gallapavo) 

Background. The wild turkey is a 8hy bird that doa Veil in large -4 
forest areas that have an adequate 8UpplY Of mad Producing trees- 
It also requires some open areas for brood rearing and nesting. 
Turkeys travel in flocks of lo-26 birds during most of the Year- 
They roost in large tree6 at night. Their eyesight is; remarkable 
and for that reason they prefer.open wood6 where they can use 
their eyesight to advantage. The traditional hunting season in 
NO- Carolina is during the spring mating 8eason when the adult 
males ("tams") can be called by imitating the call6 of a hen 
turkey. 

A few turkeys occur at MCAS Cherry point and are seen 
occasionally. The present population is probably l-3 birds. 
Apparently, they are 60 scattered that they cannot form a viable 
flock. Only one sighting of a hen with young bird6 has been 
reported during 1980-1989. Almost all rightings are of individual 
birds. 

The..habitat at MCAS Cherry Point was evaluated in*1986.by Brian 
Hydes, then Turkey Project Leader for the NCWRC. He felt that the 
habitat-was adequate to 6U6tain a sizeable flock of turkey6. He 
also bpeculated that even though turkey6 presently occur, stocking 
a flock of lo-20 birds could be all that vas needed to get the 
birds goover the hump". 

A few birds were stocked at the Cherry Point - Pinecliff area 
during the early 1970'6, but the hunting 6ea6on was not closed ar 
most of the birds were probably shot. In fact, three of the birds 
were shot at HCAS Cherry Point the year after stocking. The 
season iS presently closed. -f 

Xanagamsnt Qoal8. The management goal for wild turkey6 is to 
establish a self-sustaining flock. The NCWRC has proposed a 
stocking; but the number of areas that can be stocked in one year 
is limited. It is hoped that a stocking in the area will take 
place within the next two years. 

Xanagmmont Program. 
managed by 

The few wild turkeys present are being 
protecting them. The 6eabon will remain Closed until a 

viable flock can be established, 
annual harvest. 

and is large enough to sustain an 

Free running or feral dogs are believed to be a serious 
detriment to the establithment of wild turkey flocks. Feral dogs 
are not Present in large numbers due to the policy on controlling 
feral animal6. This policy will have to be continued and pO66ibly 
emphasized if wild turkeys are stocked. 

It is illegal to release pen raised wild turkey6 or turkeys from 
game farm stock in the wild in North Carolina. They can carry 
diseases that are potentially devastating to wild tUrkey6. Under 
no circumstances will pen raised bird6 be released at HCA.s Cherry 
Point. 

Habitat for wild turkey6 is being managed by retaining mast 
producing trees in mixed pine/hardwood Etand6, and limiting 
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logging in hardwood stands and hardwood bottoms. Creation of 
wildlife openings is done during logging cycles. Sufficient 
habitat should be present when birds are stocked in the area. 

.- . . . . 
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oray l quirr81 (Sciurus carolinurriS1 

Background. The gray squirrel i6 an important game animal at HCA!%@ 
Cherry Point. It is normally the mart oought after small game 
animal and usually rank6 first or second in number6 harve6ted. 
The squirrel d.6 a forest animal and thrive6 Only where IMttUre maSt 
producing tree6 such a6 oak and hickory are present. Both pure 
hardwood and mixed hardwood/pine ctand6 can be good habitat. Pure 
pine stands are not considered good habitat, but many of the pine 
stand6 at MCAS Cherry Point are intersected by hardwood drain6 or 
stream bottom6 that provide habitat. A very important component 
of squirrel habitat is the presence of den trees. 

I(urag8mnt * 
and habitat, 

Because squirrels are 60 dependent on tree6 for food 
forest management and squirrel habitat are 

synonymous. In most ca6e6, forest management a6 practiced at MICAS 
Cherry Point enhance6 or preserves gray squirrel habitat. A select 
cut that leave6 mature ma6t producing trees and den tree6 and 
bottomland hardwoods, is the most coaimonly prescribed 
6ilvicultural treatment. Quality rguirrel habitat is the result. 

Data COlleCtiOn for squirrels is limited to harvest data from 
hunter6. 

Special 6easons, management areas, or artificial nest structures 
are not necessary to maintain good numbers of squirrels at MCAS 
Cherry Point. Hunting pressure, though heavy, doe6 not appear to 
be a limiting factor on squirrel numbers. 
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SNALLUAKB 
Nouraing dove (Zenaidura macrmura) 

B8ckgrouad. The mourning dove is an important small game animal 
at KAS Cherry Point. In number6 hanested, it is usually second 
only to the gray squirrel and it occasionally ranks number one. 
The reasons for its popularity include the present high population 
level throughout the Southeast region and the fact that the dove 
season is traditionally the first hunting beason to open (early 
September). Local breeding birds are present year round and 
migratory flocks occur from August-February. The mourning dove is 
a migratory game bird and as such io regulated by the U.S. fish 
and Wildlife Service. 

Doves are seed eaters and they feed by picking seeds off the 
ground. 'As a rule, they will not pull seeds off seed heads of 
plants or kernels off of an ear of corn. Agricultural areas 
adjacent to forest with trees for nesting and roosting make ideal 
dove habitat. They readily feed on grain scattered in 
agricultural fields after harvest. Doves are one of the game 
animals that have prospered due to modern agricultural practices. 
Doves are prolific breeders. The young birds mature in a very 
short time, and the adults can rear multiple broods of nestlings 
during one breeding season. 

Wmagument. Habitat management for doves at NCAS Cherry Point 
consists primarily of planting millet and other small grains to 
provide feeding areas. One 20 acre dove field and 3-4 small l/2 
acre plots are planted each year, and hunting in these areas is 
usually very good in September. 

Data collection on doves includes surveys of numbers of birds 
near management areas,'.and harvest data. 

Enforcement of the NCWRC hunting regulations, which are set 
within the framework provided by the USFWS, appears to be adequate 
to protect doves at MCAS Cherry Point. Regulation of hunting 
pressure at the dove field is required for a safe and enjoyable 
hunt, and to prevent the field from being "burned out" on opening 
day. Hunting is limited to two days per week, from 1200-1800, and 
the number of hunters is limited to 20 at one time. This gives 
the birds a chance to use the field undisturbed between hunts, 
helping to prolong their stay in the area. In some years, 
however, the majority of the birds will migrate out of the area 
before the end of the hunting season. 
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Bobuhito quail (Colin~s VirgfniaWS) 

Background. The Bobwhite quail has a long history as a gamebird - 
in the South. Its habit of forming coveys of 8-25 birds and 
holding well for pointing dogs makes it popular with upland small 

. game hunters. The bobwhite is baSiCally a farmland bird. It 
prefers open fields and woods with patches of thick escape cover 
and a plentiful supply of annual weeds and wild legumes to provide 
seeds for food. Unfortunately, this type of habitat is limited at 
HCAS Cherry Point. Some areas that have good quail habitat 
include the Catfish Pond/Duck Pond/stables area, the dove field, 
and some of the runway clear zones. Overall, the quail population 
at WCAS Cherry Point is relatively low, and the highest recorded 
harvest is 95 birds in 1979, or one bird for every 73 acres. 
Harvests Of one bird per 10 acres are not amcomon in good 
habitat. 

nanagrmmnt . Attempting to significantly increase the overall 
population of cjuail at HCAS Cherry Point to provide more hunting 
recreation is not a practical management goal for WCAS Cherry 
Point..---Drastic changes would have to be made in the forest 
management plan. Much of the present timber would have to be cut 
to provide the open areas necessary for good quail habitat. 
Therefore, the goal for management of quail will he to provide 
some small areas of quality quail habitat. In addition, food 
plots to help concentrate quail during the hunting season will 
continue to be added to the present system of wildlife food 
plots. Perrennial plantings such as bicolor lespedeza will be 
emphasized to reduce maintenance costs. Prescribed buring of pine- 
forest areas every two or three years will be continued to help 
reduce the invasion of woody shrubs and young trees that shade out 
seed-producing quail food plants. The use of a heavy disc harrow 
and/or roller chopper may be appropriate in oome areas to 
stimulate the production of annual plants and provide nesting and 
brood rearing areas. 
harvest rate, 

Based on existing covey counts and a 50% 
the hunting areas of I4CAS Cherry Point should be 

able to supply a harvest of up to 100 birds during a good hatching 
year without harming the population. 
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cottontail (Silvilagus floridanus) 
Hush St&bit (Silvilagus palustris) 

Bmckgrouad. The cottontail is widely ditributed in various 
species and subspecies, throughout most of the country. The marsh 
rabbit is limited to the Southeast coastal plain. ?larsh rabbit 
habitat consists of low areas that contain marshes, swamps, or 
creek bottoms. The cottontail occurs more often in upland areas, 
but there is a considerable amount of overlap in their habitat 
requirements. 

Like the Bobwhite quail, the cottontail thrives where there is a 
combination of farmland, woodlots, and brushy escape cover. The 
habitat for rabbits at WZAS Cherry Point is fair. Populations are 
not high, but are present in huntable numbers in several areas. 
Harvests are low, with a record of 79 animals taken in 1979. 

wanrgsmsat. Large scale management for rabbits would not be very 
practical, for the same reasons as mentioned in the section on 
3obwhite quail. Creating quality habitat on a small scale, 
however, is feasible, especially when done in conjunction with 
other activities. For example, when clearing a small food plot 
for deer or doves, the brush and small trees can be piled to 
provide escape cover for rabbits. This will help rabbits use the 
food plot without exposing themselves to predation. 

Present North Carolina regulations on limits and seasons for 
rabbits are adequate for protection of the resource at present. 
In fact, the rabbit harvest could probably be increased without 
hurting the population. Rabbits are an annual crop. If not 
harvested by hunters, 5040% of the population will be taken by 
predators or die of other causes. 

The management goal will be to provide gualilty habitat when it 
can be done economically and in conjunction with management for 
other species. Large scale management to .try to increase rabbit 
populations will not be attempted. 
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satALL- 
urtrrforl 

Bmckgrouad. The term "waterfowl" includes duck6, geese, 
mergansers, and coots. A list of the upecies recorded at MCAS 
Cherry Point is included in the Appendix. 

Waterfowl are migratory birds, breeding mostly in the North 
Central United States and in Canada. They winter in the 
continental U.S. and in Mexico. Migration patterns and breeding 
areas depend on the species involved. The wood duck is the only 
species that regularly breeds in the Cherry Point area. The 
brackish waters around Cherry Point provide good wintering habitat 
for diving ducks like canvasbacks, scaup, and ruddy ducks. They 
feed primarily on small clams in the open waters of the Neuse 
River, Slocum Creek, and Hancock Creek. Wood ducks feed along the 
smaller freshwater tributaries and roost in beaver ponds and other 
deep freswater areas with overhead cover. Mergansers feed on fish 
and are common in open water areas. Geese are very scarce. A 
small resident flock of Canada geese is present. 

Waterfowl hunting is popular at HCAS .Cherry Point. Hunting 
pressure varies with the number of birds that migrate into the 
area during the hunting season. In some years, waterfowl hunting 
is second only to deer hunting. The season is short, only 30 
days, split into three parts. 

nanagement. Waterfowl management at KAS Cherry Point is mostly 
for wood ducks. A small number of nesting boxes are provided ne- 
good brood rearing habitat. All nest boxes have good predator 
guards and are maintained yearly. 

A greentree resevoir was created in 1986 as mitigation for 
waterfowl wintering habitat lost due to COnStmCtiOn Of the 
Ordnance Loading Pad. The area is managed by varying the water 
level. The water level is raised during November-February, to 
allow waterfowl to feed on acorns and other foods. The area is 
drained the rest of the year to prevent the trees from dying. 
Some trees have been removed to make the araa more attractive to 
waterfowl. 

Wildlife law enforcement,is an important vaterfoul management 
tool. Waterfowl can be very suceptible to l xce8sive hanest under 
certain conditions. For example, 
numbers at their roost sites. 

wood ducks concontrete in large 
They can be l aally ahot in 

numbers as they return to the roost shor,ly l ftar dark. A 
large 

strictly controlled hunting program at HCAS Cherry Point has 
prevented excessive illegal kills of this type. Saaaonr and bag 
limits are set by the NCWRC within the framework provldcd by the 
USFWS. No further restrictions appear to be neccrrary. 

Further Development for waterfowl. It appears that the 
expanding beaver population and resulting flooded areas will 
provide additional waterfowl habitat in the future. There are 
several methods of managing beaver ponds to increase their value 
to waterfowl. These techniques will be used where the location 06 
the pond will not cause the birds to become a hazard to aircraft 

A 5 acre storm water detention pond was constructed near the 
Hancock Village housing area In 1988. The pond has some potential 
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for development as a resting area or a feeding area for ringnecked 
ducks. 

Wetland protection policies that increase the number of 
mitigation projects required may allow for creation of vetlands 
that are beneficial to vaterfovl. 
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TURBXARSRB 
/- 

Baokgrouad. A furbearer is an animal vhome pelt is used for the 
production of clothing. pelt prices vary considerably depending 4 
on species, quality, cize of the pelt, and market demand. As a 
result, trapping and hunting pressure can vary greatly from year 
to year. 

Some of the furbearers are hunted as game animals in addition to 
being trapped for their fur, and rome furbearers are included in 
the animal damage control section due to their high potential for 
property damage. 

Trapping at WCAS Cherry Point is alloved vith box-type live 
traps only. The use of leghold or killer type traps is restricted 
due to concern that pets and hunting dogs might be inadvertently 
caught and injured. Exceptions are granted in rppecial cases where 
there is no other practical way to remove animals causing damage. 

Mmaguent. 

Raocoon. The raccoon is an impotiant.furbearer and game animal 
at WCAS Cherry Point. Raccoons are hunted at night vith trailing 
hounds or trapped with live traps. The habitat at MCAS Cherry 
Point is excellent and populations have been high for oeveral 
year6. Management for this species consists of preserving den 
trees and wetland habitat. Fur prices are low at present, and 
demand for raccoon pelts is lov. The present level of harvest 
does not appear to be affecting the population. Hunting and 
trapping for this animal is encouraged due to its high disease a. 
nuisance potential (see animal damage control section). 

Gray ?ox. The gray fox was a game animal and furbearer at MCAS 
Cherry Point until 1979, vhen the NC General Assembly closed the 
fox hunting and trapping season for all methods except killing 
with dogs. The closure vas in response to political prebsure from 
fox hunters that use hounds to run foxes for rport. Fox 
populations rose to high levels, and two outbreaks of distemper 
were suspected at MCM Cherry Point betveen 1980-1987. A 
distemper outbreak in gray-foxes vas confirmed in 1989 vhile NCWRC 
personnel vere studying gray fox scent 6tation eurveys at HCAS 
Cherry Point. Fox trapping and hunting 6easons are now opening 
under a confusing variety of county laws, state laws, and NCWFtC 
regulations. Fox hunting and trapping at KAS Cherry Point will 
remain closed until completion of the Gray fox research project by 
NCWIC personnel. 

Rivmr ottor. Otters are common at ?!CAS Cherry Point. They are 
fdund most frequently along the 6treams and tributaries of Hancock 
and Slocum Creek. There is very little trapping pressure for 
otters in this area, 
price. 

although the pelts usually bring a good 
Several otters have been killed by vehicles at WCA!S Cherry 

Point over the last 10 years. No upecific management practices 
for otters have been implemented, 
wetlands, 

but protection of vater quality 
and riparian habiatat greatly benefit6 the opecies. 
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oponmam. Opossums are plentiful, and are frequently caught by 
raccoon trappers. ?Sost are released alive. Very few are 6hot by 
raccoon hunters. The pelt is not valuable at this time. 

Xumkrrt. Huskrats are rare at KAS Cherry Point. There is no 
trapping pressure at this time. Wetland areas in 6ome states are 
managed cpecifically for muskrat fur production, but there do not 
appear to be any wetlands at Cherry Point suitable for this type 
of management. 

Bmavmr. Beavers moved into the Cherry Point area about 1980, 
and have been expanding rapidly. At least seven known colonies 
exist at this time. Beaver ponds create valua.Qle habitat for 
waterfowl, especially vood duck6. There has been a noticible 
increase in the wood duck breeding and vintering population that 
corre6ponds Vith the increase in beaver pond6. Beaver pond6 also 
seme as sediment traps and can improve the water quality. Beaver 
management 16 covered in detail in the animal damage control 
section. 

- . 
Nutria. Nutria are present at UCAS Cherry Point in very low 

number6. Management practices specifically for nutria have not 
been implemented. 

Bobcat. Bobcat are also present in low numbers. There is a 
hunting and trapping season, but there are no records of any being 
harvested. It is not practical to try to catch them in live traps. 
Management practices specifically for bobcat have not been 
implemented. 
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Background. The animal damage and nui8ance control program is on- 
of the most virible program6 to those persons at WCAS Cherry Point 
that do not hunt or fish. The Fioh and Wildlife DiViUion responds 
to about one hundred requests for assistance vith vild animals 
every year. Many more requests are handled over the phone. It is 
our policy to investigate and attempt to re6olve every request. 
It would be impO6Sible to list every type of animal-human conflict 
or problem that ha6 occurred. The more common aproblem animals" 
and management implications are listed by 6pecies or group. 

management. 

&aCCOOP. The raccoon is the number one nuisance problem at WCAS 
Cherry Point. Their boldness and the fact that there is good 
habitat throughout the base create6 a high potential for 
conflictb. Many of the complaint6 involve minor problems such as 
knocked over garbage cans and dug-up garden beds.. Hovever, the 
raccoon i6 a vector for rabies and'cerious outbreak6 of raccoon 
rabies in Haryland and Georgia are 6preading. High raccoon 
populations near dense human populations are cause for concern. 
In 1907, .a Cherry Point resident vas bitten and received treatment 
for rabies vhen the raccoon escaped. Raccoon6 also Serve as a 
vector for distemper and parvovirus. Hanagement at this time 
consists of encouraging hunting and trapping, lending live traps 
to housing area rebidents for capture of nuisance animals, and 
education of housing resident6 as to the potential dangers of 
contact with raccoon6. All raccoons suspected of being diseased 
are reported to the Station veterinarian for examination. 

Beaver. Beavers have a high potential for property damage and 
muisance due to their indUStriOU6 dam-building activities. The 
most common problems involve plugging culvert6 and flooding roads 
or timber. The beaver population at KAS Cherry point has started 
to cause borne minor problems. Complaints from the City of 
Havelock that a beaver dam on Shop Branch vas flooding private 
property were temporarily resolved by removing a section of the 
dam. Further investigation revealed that the 6iltation of the 
swamp between the beaver dam and Highway 101 vab actually the 
cause of the problem. 

Control of nui6ance beavers will continue to be necessary. 
Authorizing a trapper to use steel traps during the trapping 
6eaLbon will be con6idered as a low cost vay to remove nuisnance 
animals. Control measures will be used only in those areas where 
damage to property 16 occurring or there is a high potential for 
dabage or interference with station operations. The control 
program will be coordinated with the NCWFC. 

muskrat. HuEkrats occasionally cause problems in the sewage 
treatment ponds, by burrowing into and veakening the dike6. 
Authorizing a trapper to use steel traps to remove the animals 
during the trapping season has been euce66ful and will continue. 
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Dam. Urge numbers of deer on the runway6 can cause 
deer/aircraft accidents. An increase in deer/vehicle accidents 
can al60 result from an overpopulation of deer. The most 
effective control measure 16 the proper management of the deer 
herd a6 outlined in the Big Game section of this plan. food plots 
or other pracitces that might attract deer to the runways will not 
be implemented. 

PigOOn6. Pigeon6 and their dropping6 have caused nuisance and 
oanitation problem6 in 6everal of the aircraft hanger6 and other 
buildings. Trapping has been.tricd with limited 6uccess. The 
meet effective control method u6ed 60 far is the authorization of 
a "pigeon patrol " to u6e pellet guns to kill the birds. Those not 
killed are usually harassed to the point that they leave. 
Unfortunately, the physical structure of the hanger6 does not lend 
itSelf to COnStnUZtiOn of physical barrier6 to the birds, which 
would be ti,e most effective and permanent solution. 

SOagIl116. Seagull6 and other bird6 can cause considerable 
operational problems for aircraft. Control meabures will consist 
primarily of complying with the Air Station Bulletin on Bird 
Aircraft Strike Hazard contained in the appendix. 

6n6k66. mSnake callb" are very common from the housing areas 
during the eummer months. Snake6 are caught and relocated. Most 
calls involve non-poisonous snakes. 
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nackgroua8. Non-game animals are defined rimply a6 all there 
. birds, reptiler, 6mphibianc and mammals that are not game 6pecies,"4 

or on the State or Federal li6ts of threatened or endangered 
species. Non-game animals include hundred6 of 6pecieo. 
Traditionally, management ha6 been done only for those species 
that are a 6pecial interest for individual6 or groups. Good 
example6 are the Eastern bluebird and the purple martin. 
People commonly build and erect nest houee6 for both of these 
species in order to inz:ease the population in their area. 

HOOt wildlife researcn has;-been done for game animals, because 
hunter6 have been willing to pay the bill, and because game 
animal6 are economically impotiant by virtue of the money hunters 
rpend on equipment, food, lodging, and licenses. Interest in 
non-game management ic increasing, and North Carolina ha6 a 
non-game "tax checkoff" program to provide funds. 

YmrgaMnt. There are no cpecies-specific management plan6 for 
any non-game-animal6 in place at present. Many of the game 

' management practices also benefit non-game animals. For example, 
preserving den tree6 for gray squirrels help6 the population of 
flying rguirrels. 
rcreech owls. 

Nest boxes for wood duck6 are often used by 

songbirds. 
Wheat planted for dove6 feed6 sparrwe and other 

Present staff and funding level6 do not allow an 
extensive non-game program. A few project6 have been done on a 
cooperative ba6i6 with group6 like the Boy Scouts. Bluebird bar' 
have been installed and maintained. 
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Background. Endangered Species management is defined as 
management for those opecie6 that are lioted a6 threatened or 
endangered by the USFWS under the Endangered Specie6 Act or listed 
as threatened, endangered, or of special concern by the State of 
North Carolina. 

Section 7 of the Endangered Specie6 Act requires that federal 
agencies carry out programs for the conservation of endangered and 
threatened specie6 that are listed in the Act and.occur on ---- - 
property under their control. In coordination with the Department 
of the Interior or Department of Commerce, a6 appropriate, all 
actions will be evaluated for impact on endangered species. 

Surveys for red-cockaded woodpecker (RCW), bald eagle, and 
american'alligator have been carried out at HCAS Cherry Point. A 
field survey for endangered epecie6 wa6 done at WCOLF Oak Grove in 
conjunction with the Environmental Impact Statement (EIS) for the 
Forward Training Facility. A field survey for red-cockaded 
woodpecker was done at the Piney Island Bombing range in 
conjunction with the EIS for the Hid-Atlantic Electronic Warfare 
Range. 

No fOfYDa1 6urvey for plants or Other Species than those.listed 
above have been done. At this time, the highest potential for 
finding lieted species is probably at WCAIF Atlantic. HCALF 
Atlantic contains at least two vegetative community types that 
typically contain rare plant species; pine savanna and Carolina 
bays. 

There is no critical habitat identified for any listed species 
on any MCAS Cherry Point Property. Listed 6pecies that are known 
to occur on HCAS Cherry Point property are discussed separately: 

Bald Eagle. The bald eagle is listed as endangered by the 
USFWS. One or two birds will use the Slocum Creek and Neuse River 
areas occasionally during migration6 through the state. The 
normal length of stay varies greatly from a few days to 2-3 
months. Adult and immature birds have been sighted. There are no 
known nests. 

Americaa rlligrtor. The alligator is listed as threatened by 
similarity of appearance to the american crocidile by the USFWS, 
and as threatened by the State of North Carolina. Alligators are 
permanent residents of the creeks and marshes surrounding MCAS 
Cherry Point. A rough estimate of the population would be 4-6 
animals. One nest or group of young Is observed every 2-3 years, 
primarily in the Jack's Branch area of Hancock Creek. 

Red-cockadd uoodpackar. The red-cockaded woodpecker is 
listed as endangered by the USFWS and the State of North Carolina. 
A survey for RCW was done In 1979 as part of the preparation of 
the original Multiple-Use Natural Resources Management Plan. No 
active colonies were found. In 1984, two abandoned cavity trees 
were discovered during a timber marking operation. During the 
Bummer of 1987, two pine trees in the Station Ordnance Area were 
observed that appeared to be evidence of recent activity by a RCW. 
The area has been monitored on a regular basis. There was one 
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unconfirmed sighting of the bird. The activity l topped in late 
summer. Informal coneultation vith the TJSPWS resulted in a 
requert that the area continue to be monitored. A survey of tht 
surrounding area uab done in 1988, and no evidence of the bird was- 
found. 

broua pelicaa. This bird is listed by North Carolina as 
being of Epecial concern. It is comPlon in some year6 at WCAS 
Cherry Point, IfCALF Bogue, and the Piney 16land Bombing range. 

cooper6 Sawk. tii6 bird is listed by North Carolina a6 being 
of epecial concern. It occur6 rarely at MCAS Cherry Point. 

Q106q ibi6. 
Of special Concern. 

This bird i6 listed by North Carolina as being 

Bombing Range. 
It occur6 in the marrhe6 Of the Piney Island 

A number of additional listed specie6 occur in the river6 and 
Sound6 adjacent t0 KAS Cherry Point property. Although not 
respon6ible for their management, the Marine COrp6 ha6 the 
responsiblity to evaluate the effect of project6 that may impact 
the animals or their habitat. One example is the loggerhead 
turtle, that occurs in the sound6 and river6 adjacent to HCA!S 
Cherry Point property. 

Haaagement. Wanagem&it for the above species at thir time 
consi6ts of monitoring the population6 and reviewing all project- 
and aCtiVitie6 for adverse impacts. 

All endangered species are protected by AirStaO Pl?lO.lK, and 
the game warden rtaff assist6 rtate and federal authorities in the 
enforcement of the Endangered Specie6 Act. 
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Yurguont oerl8. The overall goal of the fisherie management 
program is to provide quality recreational fi6hing for military 
pereonnel and their dependents, civilian employees, and the public 
ae guest=. A secondary goal is to provide an esthetically 
pleasing pond environment where ftiilies or individuals can 
conveniently fish with a BiniEW.IU inVe6tment in equipment. Trophy 
or competition fi6hing ic not a goal of the program. 

Yurrguukt Progru. The present program con6ists of the intensive 
management of four fresh Water ponds. Each pond is managed as a 
complete eco6ytem, which include6 maintaining the phy6iCal 
structure of the pond, BOnitOring Water Quality, managing the 
fish, and monitoring activity that take6 place in the watershed. 

In addition to pond management, the Fish and Wildlife Division 
assists local fishermen OrganiZatiOn6, the NCWRC, and the NC 
Divibion of Harine Fisheries with h&itat project6 and regulation 
enforcement on the waters adjacent to Cherry Point. 
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xi8tory. Bartlett Pond conrtruction 6tarted in 1953, and Wa6 
completed in 1956. &n&her, cmallcr pond vat created jubt below W& 
the original pond in 1964. In 1979, a contractor rebuilt the 
lower dam and removed the original dam, Creating a eingle, larger 
pond. An original EtOCking of 1argCUnOuth ba66, bluegill, and 
redear 6LUlfich in 1979 and 1980 failed, producing a pond with only 
a stunted population of bluegill. In addition, a drought delayed 
the filling of the pond and cauoed problem6 with alligatorveed. A 
decision va6 made to drain the pond, remove the exirting fish 
population, and spray the alligatorweed with an approved 
herbicide. The pond was refilled in 1982 and rtocked with ba6s, 
bluegill, redear runfish, and channel catfish. Since then the 
pond ha6 produced excellent firhing, and bass up to 7-l/2 pound6 
and channel catfi6h up to 13 pounds have been caught. Special 
size and creel limits (number of fioh per pereon per day), have 
prevented over harvest of ba66 and catfish. 

Continuing problem6 of overpopulation of bluegill and poor 
reproduction of largemouth bass were combatted by shoreline 
rotenone treatment to reduce numbers of small bluegill, and by 
6toCkingadditional fingerling and adult ba66 over a three year 
period. The program was bUCe66fU1, and bass reproduction ha6 been 
excellent. Fever bluegills are precent and their average size 16 
larger. 

lianrgmmalt. Bartlett Pond is being managed for largemouth basr 
with bluegill and redear sunfish and channel catfi6h a6 addition* 
species. Special regulations allow the taking of only one 16 incn 
or larger bass per day per person. rnir prevent6 an over harvest 
of bass. This regulation will stay in effect a6 long a6 the 
emphasis is on baS6 production. The pond will be sampled each 
summer to determine bass and bluegill spawning 6UCCe66. 
Additional bass will be etocked if necessary. 
will be controlled with rotenone as nece6sary. 

Bluegill numbers 
Channel catfi6h, 

which normally do not reproduce well in emall ponds, will be 
stocked from the Main Gate Pond as they are available. 

Aquatic weeds, particularly alligatorueed, have been a problem 
in this pond. Alligatorueed flea beetles have been used a6 a 
control measure, and will continue to be Used vhen are available. 
Approved aquatic herbicides will be used if necessary. 

Increasing fishing pressure and vehicle traffic has caused some 
erosion problems around the pond. 
reseeded in 1907. 

One area vab rebhaped and 
Changes in the traffic pattern and parking 

areas will be made as necessary to reduce erohion and siltation 
problems. 

A fish feeder was installed in 1985. Supplemental feeding to 
increase growth rates of fish Is done from March to October. 

i6 
The pond has been regularly fertilized since 1983. Fertilization 

u6ed to increase fish production and reduce problem6 with 
aquatic weeds. A bloom of planktonic microscopic algae 6timulated 
by the fefiilizer colors the water a pea-coup green and prevents 
light from reaching the bottom of the pond. Seed6 and 6eedlings 
of aquatic plants have difficulty becoming eetabliohed under the 
low light COnditiOn6. Some types of filamentow algae ("pond 
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rcum") that grow on the bottom and then float to the rurface are 
aho controlled. A heavy mum of a cold water algae that forms 
in April and Play is not controlled by thiu method, but this 

.partiCular 8peCie6 di6appcarc when the water vaxmb up in June, and 
i6 only a temporary problem. Non-toxic algacider vi11 be used to 
help break up the floating mat6 if necessary to make fishing 
earsier. 

Phydoal rod Limnological Information. Bartlett Pond is 
approximately 4.5 surface acre6 in size. 
the riser pipe, is 13 feet deep. 

The deepest point, near 

alkalinity is 40 mg/l. 
The average pH i6 6.5. Average 

Dissolved oxygen level6 are normally 
sufficient down to a depth of six or seven feet.during the summer. 
No fish kills have been recorded. Haximum recorded surface 
temperature is 95F. Deep water normally remain6 in the low 70’s 
during the hottest part of the 6ummer. The water level normally 
drop6 a foot or two during summer drought6. The trabh rack is a 
deep water draw-off design with a drain valve. 
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History. Catfish Pond was constructed in 1962. Originally named d 
"Snake Pond", the name was changed in 1973. A horse stable and 
pasture ua6 constructed in the vaterohed of the pond about 1970. 
Drainage from the pastures produce6 nutrient6 that contribute to 
eutrophication and water quality problems. Low dissolved oxygen 
level6 occurred during the summer, and aquatic weed6 have caused 
considerable problem6 alro. In 1985, the dam va6 rebuilt and a 
Water control structure installed to replace a simple overflov 
pipe. The pond was stocked with largemouth ba66, bluegill, redear 
sunfish, and channel catfish. The pond va6 reopened to fishing on 
12 July 1986. Fishing was excellent for large bluegill and small 
largemouth bass. 

During the 6ummer of 1986, low oxygen level6 required emergency 
aeration to prevent a 6eriou6 fiohkill. A paddlevheel aerator was 
constructed and used 6UCe6KfUlly. In addition, a temporary 
aeratOr/Circu~ator device using a eurplu6 air compre66or and a 
homemade diffuser was installed. A more powerful commercially 
manufactured unit was installed in 1987; Since then, 6ummer water 
quality-has improved significantly. 

Nursguent . Catfihh Pond is being managed primarily to provide 
fishing for large bluegill and redear sunfi6h. Hi6torically, 
overpopulation of bluegill ha6 not been a problem. This may be 
due to the limited spavning area available. Lover reproduction 
results in lees competition for food, and the fish grow faster ar 
reach larger sizes. The limit on ba66 i6 one 16” or larger fish 
per day per person. There is no size or creel limit on bluegill 
or redear sunfish. 
day, 

The limit on channel catfish 16 four fi6h per 4 
14 inches or larger. Bluegill and channel catfish are 

supplementally fed with floating pellets dispensed by an automatic 
fish feeder. 

The pond is sampled during the summer to determine grovth and 
reproductive success of sunfish and largemouth bass. Water 
quality is monitored frequently, especially during warm weather. 
Supplemental stockings of channel catfish from the Main Gate Pond 
are made to maintain good fi6hing for this bpecies, which does not 
readily reproduce in small ponds. Fish 8-12 inches long are 
required for stocking because bass will eliminate hmaller fish. 

Due to water quality and aquatic veed problems, fertilizer 
cannot always be applied to the pond in ntextbookm fashion a6 it 
is used in Bartlett Pond. Applications of fertilizer when large 
amount6 of macrophytes are present will only increase the problem. 
Fertilizer ha6 been used when conditions are favorable, 
st_imulating a bloom of planktonic algae that cloud6 the vater and 
prevents growth of filamentous algae and 6Ubmerg8d aquatic plants. 
The plankton also creates additional food at the bottom of the 
food chain and increa6es fish production. 

Aquatic weed management Is an integrated oystem using 
mechanical, biological, and chemical methodr. In 1986, 75 
triploid vhfte amur (grass carp) were stocked to help control an 
infestation of fubmerged aquatic plants. Some control was noted, 
hut it is believed that some of the fish may have died during the 
summer of 1986 vhen disolved oxygen problem6 were noted. 

1 
Another 
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stocking was done in 1988 with much better results. Alligatorueed 
flea beatler are releaocd on an annual basis if they are 
available. They have provided a low tout way of reducing annual 
growth of alligatorweed, an emergent plant that is not readily 
controlled by white amur. Applications of non-toxic copper based 
algacides were sucessful in reducing filamentous algae in 1987, 
and vi11 be continued when needed. More poerful herbicides will 
be used on emergent weeds like alligatorweed and smartweed only if 
necessary. 

Mechanical methods of weed control, utilizing a large rake 
pulled from a shore based bulldozer winch, were very sucessful in 
opening up a thick stand of smartweed in 1986, just prior to 
opening the pond for fishing. 

Plq8iC81 aad Li.maological Information. Catfish Pond is 
approximately 5.0 surface acres. The deepest point is in the 
center of the pond at 11 feet. The average pH is 6.5. Average 
alkalinity is 45 mg/l. Dissolved oxygen levels can become 
critical during June and July. Several fish kills have occurred 
as a.result. Before installation of.the aerator/cfrculator 
Catfish Pond did not stratify in the classical sense, but did 
exhibit-a definite negative grade in the oxygen and temperature 
profiles from surface to bottom from Play-September. This 
condition was easily disrupted by summer storms, resulting in a 
mixing of the pond and a temporary reduction of oxygen levels. 
The compressor system circulates pond water, reducing temperature 
and oxygen differences between surface and bottom waters. The 
resulting isothermal condition helps to stabilize the pond against 
the effect of summer storms. 
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Himtory. mck Pond was constructed in 1969 as a gramtree 
reeevoir for waterfowl. Unfo~mately, the dam VCLS not fitted 
via *e drain valve that is esrential to managing a waterfowl 
impoundment. Greentree resevoirs must be drained during the 
spring and summer months to allow the oaks and other waterfowl 
food producing trees to survive. In the case of Duck Pond, it 
quickly became a "brown tree" resevoir as the flooded, standing 
trees died. Tbe value of the area for waterfowl vat greatly 
reduced, and fishing was nearly impocsible due to the jumble of 
stumps and fallen trees. 

A program was initiated in 1974 to drain the pond, remove the 
fallen timber, and rebuild the dam. The project took three years 
to complete. The dam was rebuilt by Marine Corps Engineers under 
the supervision of the local Soil Conservation Service (SCSI 
agent, Howard Garner. The SCS also provided the construction 
design. The pond was stocked with largemouth bass, bluegill, and 
redear sunfish. Fishing Was only fair for babb due to a Slav 
growth rate. Fishing for bluegill was good on occasion. 
Remaining stumps and undervater snags still made navigation 
difficuIt. 

Xn 1986, the pond was drained to remove come of the remaining 
stumps and snags and to reshape the upper end of the pond. Many of 
the bass were netted and transferred to Bartlett Pond while the 
pond was draining. Several veekc of removing and/or burning 
stumps and fallen timber was followed by removal of the remainin! 
small fish, using rotenone. The pond vat refilled and stocked 
with 4,000 channel catfish. An automatic feeder was installed. 
In the fall of 1987 and 1988, rainbow trout were ctocked for a 
spring put and take fishery. The 6-8" trout grew to 9-13" over 
the winter, and fishing was allowed starting on March 1. In both 
years, it was felt that all the available fish were caught by the 
end of the month. Summer temperatures are much too high for trout 
survival. Largemouth bass were stocked in 1986 to control 
bluegills that had escaped the fish removal in 1986. 
The trout program was discontinued because it VA@ felt that the 
Largemouth bass would eat the fingerling trout. 

nanagamant. Duck Pond is very different, both phyciully and 
chemically, from Bartlett and Catfish Pondc. Duck Pond is a 
woodland pond vith a large forested vaterchod. rner0 are no 
buildings within 1000' of the water. The water lc of much lover 
fertility and has a brownish, humic color. 

Management vi11 focus on maintaining a bacc/blueglll fishery. 
or.$ginal ctockingc of channel catfish did not do well, and are not 
planned for the future. Fertilization of the pond ic not practcal 
due to the low alkalinty. The pond is limed every 3-4 years to 
increase fish growth and survival. Size limits on the fish will 
be the came a6 Bartlett and Catfish Ponds. Water quality and fish 
growth and reproduction will be sampled each year. 

Aquatic veedc have not been a significant problem due to the 
steep banks and dark water, but alligatorveed is present and may 
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require 8ome control. Submerged aquatic plants cause minor 
problems in 8ome years, and the pond vi11 be evaluated for a 
stocking of white amt. 

The pond's status as a quiet, woodland pond will continue to be 
maintained. Some road access realignment is planned to reduce 
vehicle traffic adjacent to the pond. This will help reduce the 
erosion problem6 that are being experienced at Bartlett Pond. 

Physioal aad timaologiorl fnforrrtion. Duck Pond is about 7.5 
rurface acre6 in size. The water ha6 an average alkalinity of 10 
mg/l and a pH of 6.0. The deepest 8pot, near the dam, is 15 feet 
deep. The vatershed ic large .for the size of the pond, and as a 
result the pond Stay6 full except during eLXtre.me droughts. The 
pond ha6 a high flushing rate and treatments such as liming do not 
last a6 long a6 they would in Catfish or Bartlett Ponds. The 
water control is a simple riser tube with trash rack and drain 
valve. 

. . 

.-- 

L 
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Eistory. The Main Gate Pond vas constructed abOUt 1977 86 part by 
a beautification and landscaping projsct- No fishing ha6 been w 
allowed. In 1984, the pond vas sampled for vater quality to 
determine the potential for raising channel catfirh. The water 
chemistry and oxygen levels appeared adequate. The pond wa6 
partially drained and existing fish removed. The pond was stocked 
with 1,400, 3-4" channel catfish. The fish vere hand fed a 
commercial fish food until June, 1985, when netting and 
electrofishing were used to remove the fish for transfer to 
Bartlett Pond. About 350, 8-14w fish were transferred. stumps 
and snags on the bottom made netting difficult. Lack of a proper 
water control structure necessitated the use of pumps to lover the 
water level. Growth rate6 and ourviva of the initial stocking 
were good enough to justify the expenditure of funds to make the 
operation more efficient. In 1986, HQHC funds were provided and a 
contractor installed a flashboard riser type structure. The water 
level can now be lowered vithout having to use pumps. an 
automatic fish feeder vas installed. 
for construction, 

While the pond vas drained 
Fish and Wildlife Division personnel removed a 

large number of stumps and snags from the bottom. The pond was 
refilled and 6tocked with 1,000 channel catfish fingerlings in 
November 1986. 

ma8gem*nt. The pond is managed a6 a grow-out pond for channel 
catfish. Fingerlings are stocked and raieed to 8-12" for transf 
to Bartlett and Catfish Pond6. The pond is treated with rotenon, 
to remove wild fish before stocking, when necessary. 
will be allowd in the pond. 

No fishing 
The pond area has a flock of domestice 

duck6 and geese that do not seem to be bothered by the fish 
raising operation. 

Pby6icrl and Li.mrlologicrl xaformation. The Xain Gate Pond is 0.84 
surface acres with a volume of about 2.52 acre feet. The 
alkalinity is about 100 mq/l and the pH vas measured at 8.0 on 29 
July 1985. The deepest point is about 5' near the water control 
structure. Oxygen levels are sufficient for fish throughout the 
water column, even during the cummer. 
prevent6 the pond from 6tratifying. 

Apparently wind action 
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wildlife law enforcement is a cooperative effort at ?SCAS Cherry 
Point. U.S. Fish and Wildlife Service agents, NCWRC enforcement 
officers, WCAS Fish and Wildlife Division Game Wardenc, and ?SCAS 
Military Police all have jurisdiction. 

The WCAS Game Warden6 assigned to the Fish and Wildlife Division 
of the NREA Department are the primary wildlife law enforcement 
personnel. State and federal authorities have the right to 
initiate investigations at HCAS Cherry Point, but in most cases, 
violations are referred to them through Station authorities. 

The present T/O provide6 five billet6 for G-e Wardens, four 
military and one civilian. Two of the military billet6 are Fleet 
Assistance Program (FAP) billets that provide personnel for one 
year asrignments. A single billet for a civilian Chief Game 
Warden was added to the T/O after G manpower review in 1985. A 
ceiling point for the position has not been provided 60 the billet 
was never filled. 

The.Gdne Warden positions are not full time law enforcement 
positions. The Game Warden staff provides manpover for a variety 
of Fish and Wildlife and Forestry projects. These include 
mainten‘iince of forest access roads, prescribed burning, planting 
wildlife food plots, pond maintenance, and animal damage control. 
A hunter check station is manned by the vardens seven day6 a week 
from 1 September until 1 Jan. 

Training is provided in-house and by the DOD Game Warden School. 
Funding is; provided by CMC for the DOD School. Emphasis on 
technical training has been increased, and this trend will be 
continued. 

Violators of AirStaO P1710.1K (SOP for Hunting, Fishing, 
Trapping and Boating at WCAS Cherry Point and Outlying Fields) 
appear before the Station Inspector. Typical penalties involve 
loss of privileges for l-12 months. Violation6 of state or 
federal regulations are referred to the NCWFC and prosecuted 
through the state court system. 
sati6factory. 

This sybtem has proven to be very 
Cases involving endangered specie6 are referred to 

the USFWS. 

35 



PUTURN PLaw, PRxORITfM0, Am BsmxMMmaTIOM8 

-0 important changes have been implemented since the 1978 Fi6n 
and Wildlife Management Plan- Fish and game management programs W 
have been improved and stabilized by providing a profsssional 
biologist with full-time wildlife program duties. Prior to 1981, 
the wildlife biologist and game warden6 spent considerable time 
performing pollution control duties. A continuing cource of funds 
through HQMC has also had a Significant stabilizing influence. AS 
a result of these changes, discontinuous wildlife projects have 
evolved into stable programs. ongoing programs provide a much 
greater success rate and return for time and money invested. 

A second major accomplishment ha6 been the integration of fi6h 
and wildlife management program6 into the overall facilitieb 
planning, development, and management proces? at KAS Cherry 
Point. Better coordination and more cupport from other 
depament6 has helped protect fi6h and wildlife resource6 and 
created a stronger program. 

The fish and wildlife program now ha6 a much better base from 
which.'to expand and improve. At the present otaffing level, 
emphasib Will be on improving exieting programs. In some cases, 
existing programs have been altered to allow more work on a new 
program. For example, some data collection work associated with 
the deer management program was recently-reduced to allow an 
increased focus on small game management. All new project6 and 
programs will be evaluated for their impact on existing programs. 

New programs in the planning stage6, recommendation6 for 
improvements, and deficiencies in existing program6 are listed 
below: 

strffing. Filling the vacant Chief Game Warden billet would 
.y)' 

significantly improve the wildlife law enforcement program. A 
civilian billet provide6 more continuity and helps justify a 
higher level of training. Because the game warden rtaff is 
involved in all parts of the fi6h and uildlife and forestry 
programs, a civilian supervisor vould benefit a number of 
programs, not just law enforcement. Rapid turnover of military 
Personnel i6 a major impediment to maintaining a fully trained, 
experienced staff. Filling the Chief Game Warden Billet would 
aI60 free the Fish and Wildlife Manager from daily supervision and 
training of the game warden 6taff. More time for planning and 
improvement of programs would result. 

Big Q-o. Establishment of a healthy flock of wild turkey6 i6 
the number one priority. EffOti6 will be made to obtain bird6 for 
stocking from the NCWRC. Evaluation of trophy deer management 
programs will be another priority. 

8mall Oama.' Increased effort for small game management will be 
concentrated on I%ZGLF Oak Grove. Xxi-eased potential for 
waterfowl management at ?¶CAS Cherry Point will probably result 
from the increase in habitat created by an expanding beaver 
population. It is not known at this time whether or not the fun, 
and staff will be available to exploit this opportunity, or what 
type of work would be most beneficial. 
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rndangaroa Ipaai.8. A mxmcy for endangered opecir~, especially 
plantc, ic naadcd to archt MCAS Cherry Point in complying with 
federal and rtate requirements. Plans are allready being made to 
contract with the NC Natural Heritage Pmgram to conduct the 
6UFley6. 

Yen-gram 'wilulifr. An increaued public auarene66 of fi6h and 
wildlife resource6 at KAS Cherry Point it a goal of the non-game 
program. At present 6taffing bV816, a program for outdoor 
education cannot be developed or implemented. The potential 
exi6ts for an interpretive nature trail and outdoor education 
center at the Bartlett Pond area. 

Purbaarar Naxmgurnt md Aaimal Damage Control. Monitoring and 
managing the expanding beaver population is a new program that 
should be manageable with present resources. 

Fimherios Xaaagemeat. Improving the vater quality at Catfish 
Pond.will be a high priority project. Xn addition, it is 
recommended that the game varden staff be relieved of their 
respon6ibility for mowing the gra66ed area6 around the ponds. 
Thir work should be performed by a moving contractor, giving the 
warden staff more time for other projectr. 
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APPSBDIX B 

Urtrrforl Species Occurring rt YCAS Cbrpry Point 

Common 

Wood duck 
Ruddy duck 
Greater 8crup 
h88.r 8CrUp 
Canvr8brck 
Ruffleherd 
Hooded Merganser 
Red-bror8ted mergrnaer 
Rlngnocked.'duck 
Black 8cotmr 
Surf ocotrr 

Rarr . 
. 

Shovmlrr ..-- 
Green-winged teal Blue-winged teal 
Ma1 lard 
Wigeon 
Gadwrll 
Common merganser 
Redhead 
Tundra 8W8n 
Canrnda goose 
Black duck 
coot 
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III. MARINE CORPB AIR STATION CHERRY POINT 

A. GENERALLANDUSE . 

Marine Corps Air Station (MCAS) Cherry Point was authorized in 
1941, and was created from private land and land belonging to the 
U.S. Forest Service (land west of Slocum Creek). Among the 
private land were 4,911 acres belonging to the North Carolina 
Pulp co. It is known that some land was in agricultural use, but 
acreage is unknown. 

MCAS Cherry Point comprises 11,700 acres, of which 6336 acres 
(54%) is forested. The remainder is in military use for 
operations, training, maintenance, construction, supply, housing, 
support facilities, and utilities. The majority of military use 
facilities are located in the central and south-central portions 
of the Air Station. The majority of forested lands are located 
in the northwest, north-central, and southeast portions of the 
Air Station. Much of the forested land is used for training 
purposes. Pine is the dominant canopy tree, with Loblolly Pine 
(Pinus taeda) covering about 4,000 acres. Mixed pine and 
hardwoods cover about 1,200 acres. Some forested lands are 
managed for natural and scenic values. These include major road 
corridors; riparian, beach, and bluff areas along the major river 
and creek systems, including their tributaries; areas containing 
federally designated endangered, threatened, or rare species; and 
forests adjacent to some residential areas and the Air Station 
golf course. Other forested lands are managed for even-age 
timber production, and to enhance wildlife populations, such as 
by maintaining wildlife food plots. Although there is a recent 
history of prescribed winter burning in MCAS Cherry Point 
forests, shrub dominance of the ground layer and the near-absence 
of Wiregrass (Aristida stricta) indicate a long historical period 
without fire. It is also possible that land uses, such as 
agriculture, prior to the establishment of the Air Station 
contributed to the loss of Wiregrass. 

B. CLIMATE 

MCAS Cherry Point experiences hot and humid subtropical summers 
and cool temperate winters with below-freezing periods. Rainfall 
occurs throughout the year, but snow accumulation is rare. 
According to data recorded from 1951 to 1977 at New Bern, N.C. 
(ca. 10 miles northwest of the Air Station), the average annual 
temperature is 62.6O F. Average temperature is highest in July 
(79.40 F) and lowest in January (45.2O F). Average annual 
precipitation is 54.5 inches, with an average of 30 inches (55%) 
falligg during the May-September vegetation growth season. 
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C. PHYSIOGRAPHY, TOPOGRAPHY, AND GEOLOGY 

The land surface of MCAS Cherry Point is part of the Talbot 
Terrace Plain formed of unconsolidated sediment deposits. These 
sediments were deposited and reshaped during several cycles of 
coastal emergence and submergence from the Cretaceous period to --*iy 
the present. It is characterized by broad, flat terraces between 
the major stream valleys. The terraces slope rather abruptly to 
stream and tributary valleys, tending to be steeply sloped near 
outlets, and more shallowly sloped inland. Elevation ranges from 
sea level along the shores of the Neuse River, Slocum Creek, and 
Hancock Creek, to 25-33 feet on the terraces between the stream 
systems. The terraces primarily support pine forests, the stream 
slopes support hardwood forests, and the small stream floodplains 
support cypress-hardwood forests. Freshwater marshes fringe the 
Neuse River, Slocum Creek, Hancock Creek, and their major 
tributaries. A few small ponds are located in forested areas of 
the terraces. 

D. HYDROLOGY 

The action and chemistry of water are critical elements in 
shaping the--terrain and regulating natural community types. In 
the terrestrial and palustrine freshwater communities, the 
volume, seasonality, duration, and periodicity of precipitation 
strongly influence natural community structure and composition. 
Soil moisture is regulated by topography, substrate composition, 
and elevation above groundwater. Groundwater is near or at the 
surface in the broad, level terraces. The soils are poorly 
drained due to the low relief and the water retention capacity of+ 
loam. The best drained soils are above the slopes along the 
stream valleys. 

The many small tributaries of the larger creeks are fed by 
groundwater, and stream flow is intermittent, especially inland. 
Although precipitation is greater during the growing season, this 
increase is offset by evapotranspiration, the combination of 
evaporation and the release of water vapor by plants during 
photosynthesis (transpiration). Groundwater and small stream 
levels therefore tend to be higher during winter. The Neuse 
River, Slocum Creek, Hancock Creek, and their larger tributaries 
are drowned valleys subject to daily freshwater (to slightly 
brackish) tidal fluctuations.' These drainage systems are 
occasionally flooded by storm tides. 

E. -SOILS 

The Loils of the broad interstream terraces are poorly drained. 
Their topsoils are composed of loamy sand or sandy loam, and are 
strongly to very strongly acid. The dominant soil types on the 
terraces are Rains, Goldsboro, Onslow, and Lynchburg. These 
soils support pine forest, 
Ultisol Variant) community. 

including the Wet Pine Flatwoods (Wet 



The better-drained stream slope topsoils are composed of loamy 
sand over a sandy clay loam subsoil, and are strongly to very 
strongly acid. Sudfolk loamy sand is the dominant slope soil 
type, and primarily supports the Mesic Mixed Hardwood Forest 
community type. 

The floodplains of small streams above tidal influence contain 
poorly to very poorly drained soils composed of mucky and sandy 
loams that are strongly to extremely acid. Masontown mucky loam 
and Muckalee sandy loam are the dominant soil types in small 
stream floodplains, and support the Coastal Plain Small Stream 
Swamp (Blackwater Subtype) community type. 

Low upland terraces adjacent to the Neuse River and the larger 
creeks contain moderately well drained soils composed of lightly 
acid to very strongly acid loamy sand. Seabrook loamy sand is 
the dominant soil type, and supports the Coastal Fringe Evergreen 
Forest community type.. 

Shoreline flats along the Neuse River, larger creeks, and mouths 
of tributaries contain soils subject to daily tidal flooding. 
They are composed of slightly acid to moderately alkaline muck. 
Lafitte muck is the dominant soil type, and supports the Tidal 
Freshwater Marsh (Oligohaline Variant) community. 

F. NATURAL DISTURBANCES 

Prehistorically, natural fires likely were an important component 
of the pine communities dominating the broad interstream 
terraces. This is inferred from the soil types, the current 
domination by pine, and the remnant populations of such fire- 
dependent species as Longleaf Pine (Pinus palustris) and Spring 
Goldenrod (Solidaso verna). The current domination by Loblolly 
Pine and the near-absence of Wiregrass suggest an extended period 
of fire suppression historically. Fire is the dominant natural 
influence in Longleaf Pine communities. In wet pinelands, fire 
suppresses Loblolly Pine, hardwood trees, and shrubs, and favors 
a diverse herb layer. Although the historical natural fire 
frequency at any given site is not known, the average is believed 
to be every 3-5 years for Longleaf Pine communities. This 
frequency is optimal for Longleaf Pine reproduction. Also 
critical to community structure and composition is the 
seasonality of fire. Although natural fires can occur at any 
time of the year, the dominant natural fire season is May to 
July. It is these growing season fires that most suppress 
hardwood development and favor the diverse herb layer 
characteristic of Longleaf Pine communities. 

The hardwood forests of small stream slopes and the Loblolly Pine 
forests of larger stream terraces are not fire-dependent 
communities, as they are naturally protected from fire by their 
position in the landscape. 
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Shorelines of the Neuse River, the larger creeks, and the mouths 
of their tributaries are subject to storm floods. These floods 
are short-term events, but can impact shoreline communities, 
particularly if salt levels are increased. Impacts are most 
likely to occur above the mouths of small tributaries, where more 
frequent storm flooding would favor the Tidal Freshwater Marsh ,d 
community, and less frequent flooding would favor the Small 
Stream Swamp community. 

G. NATURAL COMMUNITXES AND RARE ANIMAL AND PLANT SPECIES 

1. SummarY of Exemnlarv Natural Communities and Rare 
SDecies. 

The following exemplary natural communities and rare 
plant species occur at MCAS Cherry Point: 

EXEMPLARY NATURAL COMMUNITIES NATURAL AREA 
Coastal Fringe Eversreen Forest Tucker Creek 
Mesic Mixed Hardwood Forest 
Tidal Freshwater Marsh 

(Oligohaline Variant) 
._-_ 

RAREANIMALS 

COMMON NAME (LATIN NAME) 
CRITlCqL ARF3 NAME 

Black Hear (Ursus americanus) 
Hancock Creek 

American Alligator (Allisator 
Slocum Creek & Tributaries 
Hancock Creek 

Tucker Creek 
Tucker Creek 

QUQ 

Cherry Point CP-SC 

mississiooiensis) 
Havelock CP-5a 
Cherry Point CP-9a 

Pigmy Rattlesnake (Sistrurus miliarius miliarius) 
NC 101 Housing Area Havelock CP-12 

Bridle Shiner (Notronis bifrenatus) 
Slocum Creek & Tributaries Havelock CP-5b 

Graceful Clam Shrimp (Lvnceus sracilicornis) 
Half-acre Pond Cherry Point CP-10 

animal and 

STATUS 
US/NC 

SR 

T/T 

SR 

SC 

SR 
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RARE PLANTS 

COMMON NAME (LATIN NAME) 
CRITICAL AREA NAME QUAD SITE 

a Gerardia (Asalinis s. A, possible new species) 
Live Oak Point Cherry Point- 

Chapman's Sedge (Carex ChaDmanii) 
Miry Branch Havelock 
North Prong Bartlett Creek Havelock 
.Ridge and Ravine Creeks Havelock 
Tucker Creek Tributary Havelock 
Anderson Creek Tributary Havelock 

Winged Seedbox (Ludwicria alata) 
Sandy Run:: Havelock 

Spring Goldenrod (Solidaso verna) 
Orange Road Flatwoods Havelock 
Bartlett Pond Powerline Havelock 
Cinder Road Flatwoods Havelock 
Area 4 Flatwoods Havelock 

STATUS 
US/NC 

none 
CP-9b 

c2/c 
CP-3 
CP-6a 
CP-7 
CP-2 
CP-1 

CP-5c 
SR 

CZ/E 
CP-4 
CP-6b 
CP-8 
CP-11 
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2. Natural Communities 

A natural community is defined as a distinct and reoccurring 
assemblage of populations of plants, animals, bacteria, and fungi 
naturally associated with each other and their physical 
environment. A natural community thus combines biological and 
habitat elements. It is important to note that only land in an 
approximately natural state (i.e., with a structure and 
composition resulting from natural processes) 1s classified as a 
natural community. 

Loblolly Pine dominates much of the forested land on the broad 
interstream terraces of MCAS Cherry Point. Based on soil types 
and relict species components, it is probable that the indigenous 
natural community type over much of the terrace lands is the Wet 
Pine Flatwoods (Wet Ultisol Variant) community, in which Longleaf 
Pine and Wiregrass are prominent or dominant. This community 
type is poorly developed at MCAS Cherry Point, possibly due to an 
extended historical period of fire suppression, or to some prior 
land use such tree farming or agriculture. The best examples of 
the Wet Pine Flatwoods community are found west of Orange Road in 
the Ordnance Area, where Longleaf Pine remains an important 
component of the canopy; Wiregrass, however, is essentially 
absent from--the ground layer. 

The slopes, low terraces, valleys, and shorelines of the major 
drainage systems of MCAS Cherry Point have been less impacted by 
current and former land uses, and extensive areas of good to 
excellent natural communities remain. The Mesic Mixed Hardwood 
Forest community type occupies the slopes above the small 
tributary streams flowing into the tidal creeks. Important 
components of this community include Sweet Gum (Liouidambar 
stvraciflua), White Oak (Quercus alba), Pignut Hickory (Carva 
crlabra), Beech (Faaus srandifolia), American Holly (Ilex opaca), 
and Flowering Dogwood (Corms florida). 

The inland floodplains of the tributary streams are dominated by 
the Coastal Plain Small Stream Swamp (Blackwater Subtype) 
community type. Important components of this community include 
Swamp Tupelo (Nvssa biflora), Baldcypress (Taxodium distichum), 
Red Maple (Acer rubrum), and Sweet Gum. 

The Tidal Freshwater Marsh (Oligohaline Variant) community forms 
a fringe along the edges of the Neuse River, Slocum Creek, 
Hancock Creek, and their larger tributaries. Important 
components of this community include Big Cordgrass (Spartina 
cvnosuroides), Black Needlerush (Juncus roemerianus), and Cattail 
(Tvnha latifolia). 

Low Upland terraces along the larger tidal creeks support the 
Coastal Fringe Evergreen Forest community type. Important 
components of this community include Loblolly Pine, Live Oak 
(Quercus virsiniana), Sand Laurel Oak (Q. hemisnhaerica), Yaupon 
(u vomitorig), and Spanish Moss (mandsia usneoides). 
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The Mesic Mixed Hardwood Forest, Coastal Plain Small Stream 
Swamp, Tidal Freshwater Marsh, and Coastal Fringe Evergreen 
Forest communities are.best developed and most extensive in the 
Tucker Creek and Anderson Creek drainage systems located in the 
northwest portion of MCAS Cherry Point. The creek and tributary 
valleys and adjacent slopes of this area have been proposed as 
the Tucker Creek Natural Area. Most of this area lies outside 
current intensive military use areas, and serves primarily as a 
recreation and forest management area. The southern portion of 
the proposed natural area lies with the Air Station Ordnance 
Area. Also included is an outlying area named the Ridge and 
Ravine Creeks located north from Roosevelt Blvd. to the Neuse 
River between the road to the Officers Club and the road to the 
BOQ. 

The Tidal Freshwater Marsh (oligohaline Variant), Coastal Fringe 
Evergreen Forest, and Mesic Mixed Hardwood Forest communities in 
the Tucker Creek Natural Area have been determined to be 
exemplary natural communities. 

High quality Tidal Freshwater Marsh habitat also occurs along 
Hancock Creek and its tributaries, particularly along Still Gut. 
A disturbed Coastal Fringe Evergreen Forest community is located 
on the barrier island at the mouth of Hancock Creek. 

The natural community types summarized in this section are 
described more fully in Chapter X.B, @*Summary Abstracts for 
Natural Community Types." The proposed Tucker Creek Natural Area 
is described in Chapter X.A, "Natural Area Descriptions.@' 

3. Rare Animals 

a) Hammalls. 

Black Bear (Ursus americanus), NC Significantly Rare. A Black 
Bear sighting has been documented at MCAS Cherry Point near 
Hancock Creek, and bears and bear signs have been casually 
observed on occasion in all uninhabitated areas of the 
installation. 

b) Reptiles and Amphibians. 

American Alligator (Allisator mississiDDiensis), 
Threatened. 

US Threatened/NC 
The American Alligator occurs regularly on and 

adjacent to MCAS Cherry Point. It is common along the mainstream 
and larger tributaries of Slocum and Hancock creeks. However, 
the- larger population and the best habitats are associated with 
Hancock Creek and its tributaries and backwaters. A range of 
alligator size classes from post-hatchlings to adults indicates 
active reproduction and the presence of suitable habitat for all 
life stages on the base. Night surveys from a boat on Hancock 
and Slocum creeks and their tributaries using a 2,000,OO.O candle 
power spotlight detected 12 alligators during about nine hours 
and 15 minutes of survey time. An annual census of alligators in 
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Slocum and Hancock creeks on MCAS Cherry Point could be 
accomplished without a large commitment of time and personnel, 
and could provide an index of abundance that would help determine 
the health of the population through time. A census, plus 
protection of any nest sites that might be found, and enforcement 
of existing laws protecting the alligator appears to be the best 
management strategy. 

Carolina Pigmy Rattlesnake (Sistrurus miliarius miliarius), NC 
Significantly Rare. The Carolina Pigmy Rattlesnake is normally 
found in Wet Pine Flatwoods, Mesic Pine Flatwoods, Xeric Sandhill 
Scrub, and Pine/Scrub Oak Sandhill habitats. Transition zones 
between upland habitats and wetlands appear to be important areas 
for this snake. It has been found on MCAS Cherry Point as 
recently as 1988 - 1989 (William Rogers, personal communication). 
It should be found relatively infrequently at MCAS‘ Cherry Point 
because of the generally low quality and extent of preferred 
natural communities. Recovery of natural community structure 
through a variety of techniques, including controlled burns, 
should improve conditions for this snake. 

Other listed or candidate amphibians and reptiles that have not 
been found but could occur on MCAS Cherry Point are: Carolina 
Gopher Frog (Rana c. capita), Mimic Glass Lizard (Oohisaurus 
mimicus), and Southern Hognose Snake (Heterodon simus). 
Information about the distribution, habitat, and biology of these 
species is contained in Chapter X.D. 

cl Freshwater Fishes. 

Bridle Shiner (Notropis bifrenatus, NC Special Concern). The 
Bridle Shiner was documented from Tucker Creek in 1960. It has 
not been relocated since, and the record is now considered 
historical. Habitat includes mud-bottomed pools of creeks, often 
in vegetation. The Tucker Creek population may have been 
impacted by an increase in salinity from 3.3 ppt. to 8 ppt., 
which was documented by Rhode, et a. 1979. The species should 
be looked for in areas with a lower salinity. Tucker Creek is 
the only site in North Carolina where this species has been 
recorded. 

d) Crustaceans. 

Graceful Clam Shrimp (Lvnceus sracilicornis, NC Significantly 
Rare). The Graceful Clam Shrimp was documented from a natural 
temporary pool along the northwest side of the northeast 
extension of the runway complex. The pond is about one-half acre 
in silze, and straddles the pine forest/runway border. Eggs of 
the shrimp are drought resistant and remain viable for several 
years (Taylor 1992). This species is dependent on ephemeral or 
temporary pools and ponds, and would be lost from the site if the 
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pond were filled or average water table levels were lowered. The 
Graceful Clam Shrimp has been found at several Coastal Plain 
sites in North Carolina, but is otherwise known only from four 
counties in Texas and one in Florida. .-. 

More detailed information about the biology and habitat of rare e 
animals occurring at MCAS Cherry Point is contained in Chapter 
X.D, "Summary Abstracts for Rare Animals," and Chapter X.E, "Rare 
Species POpUlatiOn Inventory Reports." 

4. Rare Plants 

a) Varrcular Plants. Three rare vascular plant species were 
documented from MCAS Cherry Point: Chapman's Sedge (CareF 
chaomanit, U.S. Candidate/N.C. Candidate), Winged Seedbox 
(J,udwiaia alata, N.C. Significantly Rare), and Spring Goldenrod 
(Solidago verna, U.S. Candidate/N.C. Endangered). 

Chapman's Sedge (Carex chaumanii) occurs in the Coastal Plain 
Small Stream Swamp community, where it is found at the upper edge 
of the floodplains of small streams inland from the reach of 
tidal influence. Five populations were located: 
at a tributary of Tucker Creek, 

at Miry Branch, 
-__ a tributary of Anderson Creek, 

Bartlett Creek, and at a tributary of the Neuse River near the 
BOQ. Continued protection of slopes and streambeds will enhance 
conditions for this species. Additional surveys of the extensive 
system of small tributaries associated with the Slocum Creek and 
Hancock Creek drainages will likely locate additional 
populations. 

Winged Seedbox (Ludwiqia alata) occurs in the Tidal Freshwater @ 
Marsh community, where it is found in the low-herb zone behind 
the taller graminoids like Big Cordgrass and Black Needlerush. 
One population was located: at the mouth of Sandy Run where the 
powerline corridor crosses Tucker Creek. Management for this 
species requires monitoring of water quality in tidal creeks, and 
protection from loss of habitat associated with recreational 
activities (e.g., boat ramps). 

Spring Goldenrod (Solidaqo verna) occurs in the Wet Pine 
Flatwoods (Wet Ultisol Variant) community, where it is found in 
recently burned woodlands, thinned woodlands, woodland edges 
created by a roadbed and a powerline corridor, and in a clearing 
in the runway complex. Four populations were located: along the 
edge of and in woods adjacent to Orange Road in the Ordnance 
Area ; in a powerline corridor southwest of Bartlett Pond; in 
woods off Cinder Road south of Roosevelt Blvd.; and in a runway 
compl_ex clearing and adjacent woods between the runway complex 
and the housing area located on road NC 101. This species 
fire-dependent for reproduction, and the Wet Pine Flatwoods 

is 

habitat should be burned every I-5(-7?) years. 
natural burning period is May to July. 

The optimum 
This fire regime will 

suppress the woody understory and improve conditions for 
herbaceous species. Fire in Wet Pine Flatwoods habitat that has 

.-- 
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not been burned for several years may reveal additional 
populations of Spring Goldenrod currently dormant. 
An undetermined and possibly undescribed species of gerardia 
(Aqalinis genus) was found in the Tidal Freshwater Marsh habitat 
along Hancock Creek at Live Oak Point during this survey (LeBlond 
1993). Because of the complexity of this genus, the taxonomic 
status of the Hancock Creek entity could not be determined prior 
to the release of this report. This potentially new gerardia is 
treated as fiqalinis species 1 by,the N.C. Natural Heritage 
Program, which has placed it on the plant species Watch List 
until its taxonomic status is determined. It is recommended that 
the shoreline and adjacent slopes of Hancock Creek and its 
tributaries be protected for maintenance of the Tidal Freshwater 
Marsh community and upland ecotone. (NOTE: although technically 
not a rare species, Aqalinis species 1 is accorded a critical 
area description in the following section due to its potentially 
high significance.) 

More detailed information about the biology and habitat of rare 
plants OcCUrring at MCOLF Atlantic is contained in Chapter X.C, 
tlSummary Abstracts for Rare Plants," and Chapter X.E, "Rare 
Species Population Inventory Reports." 

b) ---- Nonvascular Plants. Nonvascular plants were not covered 
in this inventory. 

H. CRITICAL AREA DESCRIPTIONS 

I. Introduction - Orqanization of Information 

This chapter contains location maps and descriptions of each 
discrete critical area containing at least one species recognized 
as rare at the federal or state level. The information is 
organized as follows. 

MAPS: Approximate boundaries of each critical area are indicated 
on a photocopy of the U.S. Geological Survey (USGS) topographic 
quad (100%). 

SITE NAME: In most cases, this is based on a prominent natural 
or manmade topographic feature in the immediate vicinity. 

MAP NUMBER: The identifying number for the site on the critical 
area map. 

LOCZiTION: In most cases, the location- of a site relative to a 
topographic feature, usually a road, within 0.05 mile. 

SIZE: The approximate acreage of the critical area. 

DATES OF INVESTIGATIOH: Dates that sites were surveyed during 
the current inventory. Prior rare plant and animal observation 
dates are recorded here when known. 
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OBSERVERS: Names of the researchers or observers who documented 
the occurrence of a rare species or natural community at the 
site. 

NATURAL COMMUNITIEB: The names of all natural communities known 
to occur at the site. Schafale and Weakley 1990 is the source ofrrr' 
the descriptions and names used to determine the natural 
community types occurring in MCAS Cherry Point. 

QUALITY AND INTEGRITY OF NATURAL COMMJNITY: A description of the 
quality and condition of the habitat and plant association, 
including any outstanding features. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: A description of 
known and potential impacts to the site, including direct impacts 
(e-g., plow lines, mowing) and indirect impacts (e.g., fire 
suppression). 

MIWAGEMENT NEEDS: A description of methods and procedures that 
will restore, maintain or improve natural conditions and 
processes at the site. 

ELEMENT OCCURRENCES: A listing-of all rare animals and plants 
documented-.-at the site, followed by a listing of any exemplary 
natural communities documented at the site. The rare animals and 
plants are categorized by Federal (US) and State Rare (NC) 
status. 

REPORT REFERENCE: Refer to Chapter X-B, tlSummary Abstracts for 
Natural Community Types," for descriptions of exemplary natural 
communities that occur at the site. Refer to Chapter X.A, 
"Natural Area Descriptions," if the site occurs in a described * 
natural area. Chapter X.C (plants) and X.D (animals) should be 
consulted for information on specific rare plants and animals. 
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2. Critical Area Descrintions and MaDs for MCAS Cherry 
Point 

SITE NAME: Hancock Creek 

MAP NUMBER: CP-9a and CP-9c. 

LOCATION: Hancock Creek and tributaries from confluence 
Neuse River to road NC 101. 

SIZE: Undetermined. The linear extent of Hancock Creek 
tributaries within the critical area is about 10 miles. 

with the 

and its 

DATES OF INVESTIGATION: ca. 1982; 93-5-3, S-10, 9-15, 9-16, 
9-17 

OBSERVERS: R.R. Swaisgood, A.L. Braswell, W. Rogers, C. 
Cheshire, R.J. LeBlond. 

NATURAL COMMUNITY: Tidal Freshwater Marsh is the dominant 
community type. Lesser amounts of the following community types 
are also present: Coastal Plain Small Stream Swamp, Coastal Plain 
Semipermanent Impoundment (beaver pond), and Cypress--Gum Swamp. 

SOILS: Primarily Lafitte muck 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: The Tidal Freshwater 
Marsh is in good to excellent condition. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Some 
accumulation of trash and debris associated with human activities 
is present. Adjacent development could increase siltation within 
the drainage system, which could impact alligator habitat or 
nesting. 

MANAGEMENT NEEDS: The quality of aquatic, shoreline, and 
adjacent habitats needs to be monitored and protected. Base 
personnel should be educated about the critical status of the 
alligator. 

ELEMENT OCCURRENCES 
ANIMALS 

us: Allisator mississinoiensis 
NC: Ursus americanus 
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SITE NAME: Live Oak Point 

MAP NUMBER: CP-9b. 

LOCATION: North shore of Live Oak Point, on west shore of 
Hancock Creek 0.45 mile due southeast of the mouth of Still Gut.d 

SIZE: l/10 acre, an extent of shoreline 150' x 25.'. 

DATES OF INVESTIGATION: 93-9-15, 9-17 

OBSERVERS : R.J. LeBlond, W. Rogers. 

NATURAL COMMUNITY: Tidal Freshwater Marsh 

SOILS: Lafitte muck at base of Norfolk loamy fine sand upland. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: The fringing marsh 
is in good condition, but poorly developed due to the narrowness 
of the habitat'cause by the upslope gradient. Element (Acralinis 
species 1) occurs in the forb zone between the taller shoreline 
graminoids and the upland slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Site could be 
impacted 69 disturbance to uplands causing erosion of bank, and 
by impacts to the water quality of Hancock Creek. 

MANAGEMENT NEEDS: Disturbance to the upland bank should avoided. 
It is recommended that the site be protected as part of a 
management plan for protection of all of the marshlands of 
Hancock Creek. 

ELEMENT OCCURRENCES 
PLANTS 

NC Watch List: Asalinis species 1 
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SITE NAME: Half-acre Pond 

MAP NUMBER: CP-10. 

LOCATION : Off northwest side of northeast extension of runway 
complex, 0.1 mile north of cemetery mapped on quad. Pond is at 
UTM 296656. . 

SIZE: Pond is 0.5 acre. 

DATE OF INVESTIGATION: 93-4-20 

OBSERVER: A.L. Braswell 

NATUR?& COMMUNITY: Temporary pond (Vernal Pool). 

SOILS: Goldsboro loamy fine sand (possibly a Lynchburg fine 
sandy loam inclusion). -. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: The pond is a 
natural depression, but has been'impacted by clearing for the 
runway apron. Half of the basin lies in the clearing, the other 
half in the pine forest. 

._- 
EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Site has been 
impacted by exposure from clearing for runway apron. The 
critical, temporary nature of the pond is vulnerable to filling 
and to activities that alter groundwater levels. 

MANAGEMENT NEEDS: Site should be monitored frequently for 
sedimentation impacts and changes in pH. Disturbances such as 
ditching, vegetation clearing, or logging should be avoided in 
the vicinity of the pond. 

ELEMENT OCCURRENCES 
ANIMALS 

NC: Lvnceus sracilicornis 
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SITE NAME: Slocum Creek and Tributaries 

MAP NUMBER: CP-5a AND CP-5b. 

LOCATION: Slocum Creek from Anderson Creek upstream to the 
crossing of Southwest Prong and East Prong by road U.S. 70, 
including Anderson Creek, Tucker Creek, and Mill Creek. Portions 
of the area occur within the proposed Tucker Creek Natural Area. 

SIZE: Undetermined. The linear extent of Slocum Creek and its 
tributaries within the critical area is about 14 miles. 

DATES OF INVESTIGATION: 93-6-16, 8-18, 9-17 

OBSERVERS : A.L. Braswell, R.R. Swaisgood, C. Cheshire, NREA 
personnel. 

NATURAL COMMUNITY: Tidal Freshwater Marsh is the dominant 
community type. Lesser amounts of the following community types 
are also present: Coastal Plain Small Stream Swamp, Coastal 
Plain Semipermanent Impoundment (beaver pond), and Cypress--Gum 
Swamp. 

SOILS: Primarily Lafitte muck 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Along Slocum Creek 
proper, natural community quality and integrity is poor to 
moderate. It is good to excellent along Anderson Creek, Tucker 
Creek, Southwest Prong, East Prong, and Mill Creek. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: 
Creek, 

Along Slocum 
there is much disturbance associated with wastewater 

outfall, stormwater discharge, and recreational facilities and 
activity, including accumulation of trash and debris. There is 
potential for an increase in impacts from current disturbances. 

MANAGEMENT NEEDS: Impacts to Slocum Creek from wastewater and 
stormwater discharge, 
mitigated. 

and from trash and debris, need to be 
Base personnel should be educated about the critical 

status of the alligator. 

ELEMENT OCCURRENCES 
ANIMALS 

US: &Jliaator mississiPDiensis 
NC: Notronis bifrenatus 
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SITE NAME: Miry Branch 

MAP NUMBER: CP-3. 

LOCATION: Tributary of Sandy Run located 0.1 mile west of Orange 
Road in the Ordnance Area 0.5-l mile north of Slocum Blvd. Area 
occurs within the proposed Tucker Creek Natural Area. 

SIZE: 27 acres 

DATES OF INVESTIGATION: 93-5-12, 10-7 

OBSERVER: R.J. LeBlond 

NATURAL COMMUNITY: Coastal Plain Small Stream Swamp, Mesic Mixed 
Hardwood Forest. 

SOILS: Suffolk loamy sand grading upslope/upstream into Onslow 
loamy sand. The floodplain is probably a Masontown mucky fine 
sandy loam/Muckalee sandy loam inclusion. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Grades from moderate 
to good downslope, and from good to excellent downstream. 
Chapman's Sedge (Carex chapmanii) most frequently occurs at the ' 
ecotone of the floodplain and the base of the slope. 

EVIDENT AND POTENTIAL DISTURBANCES VD THREATS: Some logging of 
uplands between stream and Orange Road. No other impacts 
observed. Any new construction on adjacent terrace could lead to 
sedimentation and water quality impacts. 

MANAGEMENT NEEDS: Slopes and floodplain should be managed for 
natural structure and composition. 

ELEMENT OCCURRENCES 
PLANTS 

us: Carex chaomanii 
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SITE NAME: North Prong Bartlett Creek (name derived from 
Bartlett Pond) 

MAP NUMBER: CP-6a. 

LOCATION: Tributary of Slocum Creek located 0.1 mile south of * 
Monroe Drive 0.05-0.5 mile west of Roosevelt Blvd. 

SIZE: 16 acres 

DATES OF INVESTIGATION: 93-5-17, lo-25 

OBSERVER: R.J. LeBlond 

NATURAL COMMUNITY: Coastal Plain Small Stream Swamp, Mesic Mixed 
Hardwood Forest. 

SOILS: Masontown mucky fine sandy loam/ Muckalee sandy loam 
grading upslope to Suffolk loamy sand. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Floodplain in good 
to excellent condition, but slopes and crest appear to have been 
historically disturbed. Chapman's Sedge (Carex chaamanii) most' 
frequently occurs at the ecotone of the floodplain and the base 
of the slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Runoff potential 
where Munroe Dr. crosses prong, which would introduce sediments, 
nutrients, and pollutants into streambed. 

MANAGEMENT NEEDS: Slopes and floodplain should be managed for 
natural structure and composition. 
crossing should be mitigated. 

Any impacts from road 

ELEMENT OCCURRENCES 
PLANTS 

us: chapmanii Carex 
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SITE NAME: Ridge and Ravine Creeks 

MAP NUMBER: CP-7. 

LOCATION: Small tributaries of the Neuse River north from 
Roosevelt Blvd. between Officers Club and BOQ area. Included as 
an outlier of the proposed Tucker Creek Natural Area. 

SIZE: 58 acres 

DATES OF INVESTIGATION: 93-5-17, 10-25; 94-l-7. 

OBSERVER: R.J. LeBlond 

NATURAL COMMUNITY: Coastal Plain Small Stream Swamp, Mesic Mixed 
Hardwood Forest. 

SOILS: Masontown mucky fine sandy loam/Muckalee sandy loam 
grading upslope to Suffolk loamy sand. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Condition of 
floodplain is low to good, the slopes and summits in moderate to 
excellent condition. Chapman's Sedge (Carex chapmanii) most 

' frequently-occurs at the ecotone of the floodplain and the base 
of the slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Streambeds near 
Roosevelt Blvd. have been. channelized, and receive runoff. Some 
disturbance to uplands near Roosevelt Blvd. (clearings, alien 
species). 

MANAGEMENT NEEDS: Road runoff should be directed into catch- 
basins rather than streambeds. Site should be protected from 
further impacts to floodplain and adjacent slopes. 

ELEMENT OCCURRENCES 
PLANTS 

us: chaumanii Carex 
NATURAL COMMUNITIES 

Mesic Mixed Hardwood Forest 

. 
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SITE NAME: Tucker Creek Tributary 

MAP NUMBER: CP-2. 

LOCATION: North side tributary of Tucker Creek 0.9 mile due 
northeast of west side base boundary at Tucker Creek. Area 
occurs within the proposed Tucker Creek Natural Area. 

SIZE: 14 acres 

DATE OF INVESTIGATION: 93-g-30 

OBSERVER: R.J. LeBlond 

NATURAL COMMUNITY: 
Hardwood Forest. 

Coastal Plain Small Stream Swamp, Mesic Mixed 

SOILS: Masontown mucky fine sandy loam/Muckalee sandy loam 
grading upslope to Suffolk loamy sand. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: The floodplain and 
slopes are in good to excellent condition. Floodplain is narrow 
and influenced by the mesic hardwood community. Chapman's Sedge 
(Carex ChaDmanii) most frequently occurs at the ecotone of the 
floodplain and the base of the slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: 
observed. 

No impacts 

MANAGEMENT NEEDS: Slopes and floodplain should be managed for 
natural structure and composition. 

ELEMENT OCCURRENCES 
PLANTS 

us: Carex chapmanii 
NATURAL COMMUNITIES 

Mesic Mixed Hardwood Forest 
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SITE NAME: Anderson Creek Tributary 

MAP NUMBER: CP-1.. 

LOCATION: Tributary off southwest side of Anderson Creek 0.65 
mile southeast of west side base boundary at Anderson Creek. 
Area occurs within the proposed Tucker Creek Natural Area. 

SIZE: 7 acres 

DATES OF INVESTIGATION: 93-5-12, 9-30 

OBSERVER: R.J. LeBlond 

NATUML COMMUNITY: Coastal Plain Small Stream Swamp, Mesic Mixed 
Hardwood Forest. 

SOILS: Mapped as Autryville loamy sand, but probably a Suffolk 
and/or Masontown/Muckalee inclusion. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Floodplain and 
slopes in moderate to good condition, but upper slopes and 
summits show signs of historical disturbance. Upstream 
floodplain-narrow and influenced by mesic hardwood community. 
Chapman's Sedge (Carex chaomanii) most frequently occurs at the 
ecotone of the floodplain and the base of the slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Old clearings 
and thickets present above stream valley, possibly from past 
timber management and/or training activities. 

MANAGEMENT NEEDS: Slopes and floodplain should be managed for 
natural structure and composition. 

ELEMENT OCCURRENCES 
PLANTS 

us: Carex chapmanii 
NATURAL COMMUNITIES 

Mesic Mixed Hardwood Forest 
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SITE NAME: Sandy Run 

MAP NUMBER: CP-SC. 

LOCATION: East shore marsh of Sandy 
powerline corridor 0.1 mile south of . 

Run where crossed by 
conjunction with Tucker 

Creek. Area occurs within the proposed Tucker Creek Natural 
Area. 

SIZE: 2 acres 

DATE OF INVESTIGATION: 93-10-7 

OBSERVER: R.J. LeBlond 

NATURAL COMMUNITY: Tidal Freshwater Marsh (Oligohaline Variant) 

SOILS: Lafitte muck 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Conditions good, but 
site indirectly impacted by clearing of adjacent powerline 
corridor, thereby improving light conditions. Overall marsh area 
in excellent condition. Winged Seedbox (Ludwiaiq u) occurs 
in the wet,-forb-dominated ecotone between the taller marsh 
graminoids and the upland slope. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Adjacent 
uplands, includinq low slope, cleared for powerline corridor. 
Removal of adjacent woody vegetation undoubtedly has 
light conditions for herbaceous species. 

MANAGEMENT NEEDS: Maintenance of powerline corridor 
direct impacts to upland/marsh ecotone. Disturbance 
surface should be prevented to protect site from 
erosion/sedimentation. 

improved 

should avoid 
of soil 

ELEMENT OCCURRENCES 
PLANTS 

NC: Ludwisia alata 
NATURAL COMMUNITIES 

Tidal Freshwater Marsh (Oligohaline Variant) 
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SITE NAME: Orange Road Flatwoods 

MAP NUMBER: CP-4. 

LOCATION: Orange Road shoulders and adjacent west side 
flatwoods, from powerline corridor at Slocum Blvd. to 400 feet 
north of Slocum Blvd. Site within the Ordnance Area. 

SIZE: 2 acres 

DATES OF INVESTIGATION: 92-7-16; 93-5-27, 10-7 

OBSERVERS: R.J. LeBlond, J.O. Fussell, W. Rogers. 

NATURAL COMMUNITY: Wet Pine Flatwoods (Wet Ultisol Variant) 

SOILS: Lynchburg fine sandy loam, approaching ecotone with 
Onslow loamy sand. . 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Condition moderately 
poor due to apparent historical extended period of fire 
suppression. Spring Goldenrod (Solidauo verna) occurs along road 
shoulders with a few plants in adjacent flatwoods. Recent 
prescribed.--burn will initiate recovery if followed by more 
periodic burns. Some Longleaf Pine (Pinus palustris) persists in 
the canopy. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Fire suppression 
evident in canopy dominance by Loblolly Pine (2. taeda), dense 
shrub understory, low herb diversity, and near-absence of 
Wiregrass (Aristida stricta). 

MANAGEMENT NEEDS: Flatwoods should be burned every 3-5 years, 
preferably during the May to July natural fire peak period. 
Growing season burns will reduce the shrub understory and favor 
herbaceous species. Solidauo verna is fire-dependent for 
reproduction. 

ELEMENT OCCURRENCES 
PLANTS 

us: Solidaao verna 
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SITE NAME: Bartlett Pond Powerline 

MAP NUMBER: CP-6b. 

LOCATION: Powerline corridor southwest from Roosevelt Blvd. 
north of graded road passing south of Bartlett Pond, the corridorW 
reaching the graded road 0.1 mile west of Roosevelt Blvd. Site 
is located in powerline corridor midway between Roosevelt Blvd. 
and graded road. 

SIZE: 1 acre 

DATE OF INVESTIGATION: 93-11-12 

OBSERVER: J.O. Fussell 

NATURAL COMMUNITY: None 

SOILS: Goldsboro loamy fine sand at ecotone with Norfolk loamy 
fine sand. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Low. Site is an 
artificially maintained powerline corridor. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Spring Goldenrod 
(Solidaao verna) is favored by removal of woody vegetation, but 
plants are vulnerable to soil disturbances and growing season 
vegetation removal. 

MANAGEMENT NEEDS: Powerline corridor maintenance should be 
performed during the October to March dormant season. 
that disturbs the soil surface should not be used. Equipment w 

ELEMENT OCCURRENCES 
PLANTS 

us: Solidaso verna 
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SITE NAME: Cinder Road Flatwoods 

MAP NUMBER: CP-8. 

LOCATION: Flatwoods off west side of cinder Road 0.225 mile 
south of Roosevelt Blvd. 

SIZE: 1 acre 

DATE OF INVESTIGATION: 93-5-27 

OBSERVER: R-J. LeBlond 

NATURAL COMHUNITY: Wet Pine Flatwoods (Wet Ultisol Variant) 

SOILS: Rains fine sandy loam. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Low. Site appears 
to have undergone an extended period of fire suppression. Only a 
single individual of Spring Goldenrod (Solidauo verna) was found. 
Recent prescribed burn will initiate recovery if followed by more 
periodic burns. 

EVIDENT AND-POTENTIAL DISTURBANCES AND THREATS: Fire suppression 
evident from absence of Longleaf Pine in the canopy, sparse 
herbaceous ground layer, and absence of Wiregrass. 

MANAGEMENT NEEDS: Flatwoods should be burned every 3-5 years, 
preferably during the May to July natural fire peak period. 
Growing season burns will reduce the shrub understory and favor 
herbaceous species. Spring Goldenrod is fire-dependent for 
reproduction. 

ELEMENT OCCURRENCES 
PLANTS 

us: Solidaco verna 
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SITE NAME: Area 4 Flatwoods 

MAP NUMBER: CP-11. 

LOCATION: Runway complex clearing and adjacent flatwoods in 
Hunting Area 4 near south side of base, north of housing area on * 
NC 101. 

SIZE: 20 acres 

DATES OF INVESTIGATION: _ 93-8-16, 12-15; 94-l-7. 

OBSERVERS: W. Rogers, R.J. LeBlond. 

NATURAL COMMUNITY: Wet Pine Flatwoods (Wet UltiSOl Variant). 

SOILS: Rains fine sandy loam. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Low to moderate. A 
portion of the Spring Goldenrod (Solidauo verna) population 
occurs in an artificially maintained clearing associated with the 
runway complex. The portion of the Spring Goldenrod population 
in the wooded area has been impacted by timber thinning and fire 
suppression, However, Longleaf Pine remains an important 
component of the canopy. Thinned areas have an open understory, 
while unthinned areas have a dense understory. 

EVIDENT AND POTENTIAL DISTURBANCES AND TfZREATS: Maintenance of 
the runway complex clearing can disrupt the flowering/fruiting 
cycle of Spring Goldenrod. The flatwoods have been impacted by 
clearings and slash associated with timber harvesting. Some 
areas show evidence of fire suppression by the dense understory. L 

MANAGEMENT NEEDS: To optimize Spring Goldenrod reproduction, the 
runway clearing microsite should not be mowed or otherwise 
disturbed during the April-September growth and reproduction 
period. The flatwoods should be burned every 3-5 years, 
preferably during the May to July natural fire peak period. 
Growing.season burns will reduce the shrub understory and favor 
herbaceous species. 
adapted species. 

Spring Goldenrod (Solidaso verna) is a fire- 

ELEMENT OCCURRENCES 
PLANTS 

us: Solidaso verna 
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SITE NAME: NC 101 Housing Area 

MAP NUMBER: CP-12. 

LOCATION: Southeastern portion of MCAS Cherry Point 0.15 mile 
north of NC 101, from housing area to 0.15 mile east of housing 
area. One microsite is located centrally in the housing area, 
the other 0.15 mile east of the housing area eastern boundary. 
Habitat with moderate potential for the element (Sistrurus . . mll;rarius) extends eastward to Hancock Creek wetlands. 

SIZE: 50 acres 

DATES OF INVESTIGATION: ca. 1988/89; 93-5-24 

OBSERVERS : W. Rogers, A.L. Braswell, R.R. Swaisgdod. 

NATURAL COMMUNITY: None. Grassy areas and disturbed Loblolly 
Pine/mixed hardwoods. 

SOILS: Rains fine sandy loam and Rains-Urban land complex. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Site disturbed, no 
natural community present. -- 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Area has 
experienced fire suppression and wide-scale land use impacts. 
Area is small and with much human habitation. 

MANAGEMENT NEEDS: Area impractical for effective natural habitat 
recovery. Base personnel and dependents should be educated about 
the habits and critical status of the Carolina Pigmy Rattlesnake. 

ELEMENT OCCURRENCES 
ANIMALS 

NC: Sistrurus miliarius 
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1.0 ALUMINUM 

Although present in food in varying amounts, aluminum (Al) is not an essential element for mammals. The 

aluminum content of plants typically depends on the soil aluminum concentration and ranges from 10 to 

30 mg/kg fresh weight; studies have indicated that this element stimulates the growth of several pasture 

plant species (Hackett, 1962). As summarized in Venugopal and Luckey (1978), aluminum is not readily 

absorbed through the skin and gastrointestinal absorption of ingested aluminum is poor due to the 

transformation of aluminum salts into insoluble aluminum phosphate. The lack of accumulation of aluminum 

in animals with age or of any increase in tissue levels of aluminum following fairly high dietary intake, 

suggests that mammals posses a homeostatic mechanism for this element. For most terrestrial organisms, 

aluminum compounds are generally not harmful and are considered to be toxicologically inert, except in 

cases of high experimental doses or prolonged inhalation (Venugopal and Luckey, 1978). 

Data on the toxicity of aluminum to aquatic organisms is somewhat limited. USEPA (1988) stated that 

freshwater organisms should not be adversely affected if aluminum concentrations do not exceed 87 pg/L 

when pH is between 6.5 and 9.0. Some studies have shown that the acute toxicity of aluminum increases 

with pH, whereas other studies found the opposite to be true (USEPA, 1988). The occurrence of pH effects 

in fish depends on aluminum and calcium concentrations in the water. Laboratory studies have established 

that low pH is toxic to fish, that aluminum concentrations found in acidified waters (particularly inorganic 

monomeric aluminum) are toxic, and that calcium is ameliorative (Suter, 1993). 

Sublethal effects were also reviewed by USEPA (1988). It was found that 169 pg AI/L at a pH of 6.5 to 6.6 

caused a 24 percent reduction in the growth of young brook trout (Salvelinus fonfinalis). Cleveland 

et al. (1991) determined that brook trout accumulated significantly higher aluminum residues at pH 5.3 than 

at pH 6.1 or pH 7.2. They also determined that elimination of aluminum during depuration was more rapid 

at pH 5.3 than at pH 6.1 or pH 7.2. Data reported in USEPA (1988) indicated this metal does not 

bioconcentrate; bioconcentration factors range from 50 to 231 for brook trout (geometric mean value = 82). 

2.0 ANTIMONY 

Antimony is frequently associated with nonferrous ore deposits and is commonly encountered in industrial 

environments, including smelters. It is considered a nonessential metal and is easily taken up by plants if 

present in a soluble form (Kabata-Pendias and Pendias, 1992). There are no reports of plant toxicity resulting 

from uptake of antimony. Plants growing in soils contaminated by industrial emissions may be expected 

to contain elevated levels of antimony. 
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3.0 ARSENIC 

Arsenic‘is a relatively common element; its industrial uses primarily center on the manufacture of pesticides, 

wood preservatives, and growth stimulants for plants and animals (USPWS, 1988). The chemistry of arsenic 

in water is complex and is a function of chemical, biological, and geochemical reactions that interact to 

control the concentration, oxidation state, and form of arsenic in water (USEPA, 1984). Arsenic exists in four 

oxidation states, both as inorganic and organic forms. Its bioavailability and toxicity are significantly 

influenced by the physical and chemical forms of arsenic tested, route of exposure, dose, and species of 

animal tested (USPWS, 1988). Inorganic forms are generally regarded as being more toxic than organic 

forms, and trivalent fom-rs are more toxic than pentavalent species (USPWS, 1988; USEPA, 1984). Tests 

conducted to date indicate that this contaminant does not readily bioconcentrate (USEPA, 1984). 

Arsenic is a constituent of most plants, but little is known about its biochemical role. In general, arsenic 

availability to plants is highest in coarse-textured soils having little colloidal material and little ion exchange 

capacity and lowest in fine textured soils high in clay, organic material, iron, calcium, and phosphate 

(USPWS, 1988). Reports suggest that plants absorb arsenic passively via the roots with water and that this 

metal is readily taken up by various plant species (Thoresby and Thornton, 1979). Apparently, arsenic is 

translocated in plants since its concentration in grain also has been reported (Kabata-Pendias and Pendias, 

1992). Except for locations where arsenic content is high, (e.g., around smelters) arsenic is distributed 

throughout the plant body in non-toxic amounts (USPWS, 1988). 

4.0 BARIUM 

The concentration of barium (Ba) in natural waters is controlled by the solubility of barite (BaSO,), a fairly 

common mineral. Other factors influencing barium solubility in natural waters include metal oxides or 

hydroxides (Hem, 1970). Sulfates also govern the solubility of barium in soil as do carbonates, and it is 

strongly adsorbed to clays. Although commonly reported in plant tissues, it is apparently a nonessential 

component (Kabata-Pendias and Pendias, 1992). While barium is readily taken up by plants in acidic soil, 

few reports exist regarding its toxicity to plants. Chaundry et al. (1977) reported 1 to 2 percent barium (dry 

weight) in plants as highly toxic while 220 mg Ba/kg (ash-free dry weight) has been reported to be 

moderately toxic (Shacklette et al., 1978). Calcium, magnesium, and sulfur appear to act antagonistically 

with barium, and may serve to reduce its toxicity (Kabata-Pendias’and Pendias, 1992). 
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5.0 CADMIUM 

To date, no evidence exists to suggest that cadmium (Cd) is either biologically essential or beneficial 

(Venugopal and Luckey, 1978; USFWS, 1985). Freshwater biota are particularly sensitive to this heavy 

metal; concentrations as low as 0.8 to 9.9 pg Cd/L produce lethality among insects, crustaceans, and fish 

(USFWS, 1985; USEPA, 1985a). This heavy metal does not bioconcentrate to an appreciable extent; 

bioconcentration data listed in USEPA (1985a) for freshwater species range from 3 (brook trout) to 

4,190 (caddisfly; Hydropsyche betteni) with a geometric mean value of 404. 

Elemental cadmium (Cd) is insoluble in water, although its chloride and sulfate salts are freely soluble 

(USFWS, 1985). The availability of cadmium to aquatic biota from their immediate physical and chemical 

environs depends on numerous factors, including adsorption and desorption rates of cadmium from 

terrigenous materials, pH, Eh, chemical speciation, and many other modifiers. Adsorption and desorption 

processes are likely to be major factors in controlling the concentration of cadmium in natural waters and 

tend to counteract changes in the concentration of cadmium ions in solution (USFWS, 1985). Water 

hardness also alters the bioavailabil’ky of cadmium. Adsorption and desorption rates of cadmium are rapid 

on mud solids and particles of clay, silica, humic material, and other naturally occurring solids. It should 

be borne in mind that mobility and availability of cadmium, like most heavy metals, is a function of a large 

number of interrelated factors (e.g., CEC). Beyer et al. (1985) demonstrated that only a small portion of all 

metals measured in the soil become incorporated into plant foliage and suggested that most of the metal 

contamination detected in biota came from aerial deposition. 

Compared to aquatic biota, mammals and birds are relatively less sensitive to cadmium exposure. Adult 

mallards fed a diet containing up to 200 mg Cd/kg survived and exhibited no loss in body weight, although 

egg production of laying hens was suppressed (White and Finely, 1978). The lowest oral doses producing 

lethality among mammals were 250 and 150 mg Cd/kg body weight in rats and guinea pigs, respectively 

(USEPA, 1985a). 

6.0 CHLORDANE (ALPHA AND GAMMA) 

Chlordane was used extensively until most uses were banned in 1988. Due to its long half-life and ability 

to concentrate in biological materials, it is still widely distributed in flsh in the United States (USEPA, 1980a). 

Like other organochlorine pesticides, chlordane bioaccumulates in biological materials. It is highly lipophilic 

and readily absorbed via all routes. Oxidative metabolation of chlordane results in the production of a 

number of metabolites, including oxychlordane, which is -very persistent in body fat. Reductive 
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dehalogenation of the chlordane forms free radicals hypothesized to contribute significantly to chlordane’s 

toxicity (USEPA, 1994a). 

Reduced fertility and survivability in mice and rats has occurred at chlordane doses of 25 and 16 mg/kg, 

respectively. These chronic effects may be associated with reduced binding of progesterone in the 

endometrium or with altered metabolism and circulating levels of steroid hormones (USEPA, 1994a). 

7.0 CHROMIUM 

Chromium VI generally does not exist in biological systems, as it is reduced rapidly to chromium Ill. 

Chromium VI, however, is much more toxic to living systems than chromium III. Several studies exist 

regarding the toxicity of chromium VI in mammals. Mice given oral doses of 57, 120, and 234 mg CrVl/kg- 

day during early gestation experienced increased preimplantation and postimplantation losses, along with 

decreased litter size (Trivedi et al., 1989). A LOAEL of 57 mg/kgday was reported for reproductive effects. 

A decrease in motor activity was seen in rats given oral doses of chromium VI at 98 mg/kgday for 28 days, 

and a NOAEL of 9.8 mg/kgday was reported for these effects (Diaz-Mayans et al., 1986). In addition, mice 

fed potassium dichromate at 4.6 mg/kgday exhibited reduced sperm count after 7 weeks, and 

morphologically altered sperm at 9.1 mg/kgday after 7 weeks (Zahid et al., 1990). Since Diaz-Mayans et 

al. (1986) established a clear dose-response relationship, the NOAEL was chosen for derivation of a 

benchmark value in mammals. 

Only one avian study exists for chromium VI. Chickens were fed diets up to 100 ppm chromium VI and no 

adverse effects on survival or growth were observed after 32 days, suggesting a NOAEL of 100 ppm 

(Rosomer et al., 1961). A multitude of studies exist on the effects of chromium VI on fish. Since the 

NAWQC value of 0.011 mg/L was the most conservative value, it is the benchmark value for forage, small, 

and large fish. For fish and terrestrial organisms, the data show that chromium VI does not effectively 

bioaccumulate. 

8.0 DDT ANALOGS 

DDT has not been marketed in the United States since 1972, but is ubiquitous due to its widespread use 

in previous decades and its relatively long half-life. DDT’s close’structural analogs, DDE and DDD, are 

metabolites of DDT and have also been formulated as pesticides in the past (Hayes, 1982). Because of its 

persistent nature, coupled with its hydrophobic properties and solubillty in lipids, DDT and its metabolites 

are concentrated from water by aquatic organisms at all trophic levels. It also readily enters the food web 

and is bioaccumulated by organisms at higher trophic levels (USEPA, 1980b). 
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DDT is intermediate in toxicity to fish in comparison to other chlorinated hydrocarbon pesticides. It is less 

toxic that aldrin, dieldrin, endrin and toxaphene, but more toxic than chlordane, lindane and methoxychlor 

(USEPA, 1980b). Invertebrates are, for the most part, more sensitive than fish species, but the range of 

species LC5Os for macroinvertebrates (10,000) is much greater than that for fish (300). The least sensitive 

species listed in USEPA (1980b) was a stonefly (Pteronarcys californica) with a 96 h LC50 of 1.8 mg/L. 

Week-old crayfish were the most sensitive repotted species (LC50 = 0.00018 mg/L) although lo-week old 

crayfish of the same species had an LC50 of 0.003 mg/L. USEPA (1980b) reported that of the species for 

which data were available, yellow perch was the most sensitive freshwater species tested (96 h LC50 of 0.6 

pg/L) where as the least sensitive species was the goldfish (96 LC50 = 180 rg/L). 

Bioconcentration factors from laboratory tests with DDT and saltwater organisms ranged from 1200 to 76300 

for fish and shellfish, respectively (USEPA, 1980b). 

Data for DDE indicate that long-term dietary dosage at 2.8 to 3.0 mg/kg DDE (wet weight) can have adverse 

effects on reproduction of mallards, black ducks, and screech owls. Species that feed on saltwater animals 

containing DDT and its metabolites have exhibited reductions in their reproductive capacity (Rand and 

Petrocelli, 1985). Anderson et al. (1975) studied the impacts of DDT in northern anchovies (a species with 

a high lipid content) on the reproductive success of brown pelicans. The concentrations of this contaminant 

steadily declined in anchovies over this 5-year study and pelican reproduction improved; the authors 

concluded that even the lowest concentrations detected in anchovies (0.15 mg/kg) and the subsequent 97 

mg/kg concentration in pelican eggs was unacceptably high, because pelican eggshell thickness was still 

too low and pelican recruitment was still not high enough to sustain a stable population. 

9.0 DIELDRIN 

Dieldrin has been one of the most widely used and distributed pesticides in the United States. Once 

released in to the environment, aldrin readily transforms into dieldrin (USEPA, 1980~). Based on concerns 

related to human health toxicity, USEPA banned aldrin and dieldrin from most uses 1974; production was 

terminated in 1987. However, as a result of the relatively long half-life of dieldrin, it continues to be detected 

nationwide (USEPA, 1994a). Like other organochlorine pesticides, dieldrin is lipophilic and is ultimately 

stored primarily in fat and tissues with lipid components. Mammalian sex and species differences have been 

reported in the metabolism and tissue distribution of dieldrin; males appear to metabolize and excrete 

dieldrin more rapidly than females (USEPA, 1994a). 

Aquatic toxicity tests have demonstrated that dieldrin in concentrations as low as 1.1 to 9.9 pg/L were 

acutely toxic to sensitive fish species (e.g., rainbow trout). Goldfish represent more resistant species; 96-h 

LC50 = 41 pg/L. Saltwater species are even more sensitive to dieldrin; concentrations as low as 0.28 to 
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50 rg/L were acutely toxic to saltwater invertebrates. All saltwater fish species were sensitive to acute 

exposures to either aldrin or dieldrin (USEPA, 1980~). 

10.0 HEPTACHLOR EPOXIDE 

Heptachlor epoxide is a breakdown product of the organochlorine pesticides, heptachlor and chlordane. It 

is a contaminant of both products (USEPA, 1994a). It is more toxic than either parent compound. Although 

most uses of heptachlor were suspended in 1978 and chlordane was removed from the market in 1988, 

heptachlor epoxide continues to be a widespread contaminant due to its relatively long biological half-life. 

Based on animal and limited human data, heptachlor epoxide is absorbed through the GI tract and is found 

primarily in the liver, bone marrow, brain, and fat, although it is distributed widely to other tissues as well. 

Heptachlor epoxide has a high affinity for adipose tissue. 

11.0 MANGANESE 

Manganese (Mn) does not occur naturally as a metal but is found in various salts and minerals, frequently 

in association with iron compounds (USEPA, 1986). Manganese is a vital micronutrient for both plants and 

animals. McKee and Wolfe (1968) summarized the data concerning the toxicity of manganese to freshwater 

life. Manganese ions rarely occur in concentrations above 1 mg/L. The reported tolerance values for 

freshwater organisms range from 1.5 to > 1000 mg Mn/L. 

12.0 MERCURY 

In a recent review of the hazards of mercury (Hg) to fish, wildlife, and invertebrates, USFWS (1987) noted 

that mercury and its compounds have no known biological function. Its presence is regarded as undesirable 

and potentially hazardous. It is a mutagen, teratogen, and carcinogen. Forms of mercury with relatively 

low toxicity can be transformed into forms with very high toxicity through biological and other processes. 

Methylmercury can be bioconcentrated in organisms and biomagnified through food chains, returning 

mercury to upper trophic level consumers in a concentrated form. Bioconcentration factors for 

methylmercury range from 10,000 for brook trout to 81,670 for fathead minnows (fimephales promelas); 

the geometric mean value of bioconcentration values listed in USEPA (1985b) for freshwater organisms is 

25,400. For all organisms tested, early developmental stages were the most sensitive, and organomercury 

compounds - especially methylmercury - were more toxic than inorganic forms. Numerous biotic and 

abiotic factors modify the toxicity of mercury compounds, sometimes by an order of magnitude or more, 

but mechanisms of action are unclear (USFWS, 1987). 
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The chemical speciation of mercury (Hg) is probably the most important variable influencing ecotoxicology 

of Hg, but Hg speciation is complicated, especially in natural environments (Boudou and Ribeyre, 1983; 

USPWS, 1987). Most mercury entering aquatic systems is inorganic (Hg II) although recent studies have 

measured methylated mercury (CH,HgH+) in rain and surface runoff (Bloom and Watras, 1989; Lee and 

Hultberg, 1998). Methyl mercury is the major form of mercury in fish; methylation of inorganic mercury takes 

place in the terrestrial environment, the water column, and in sediment. The net amount of methyl mercury 

in an aquatic system is the result not only of its rate of formation, but also the result of the rates of those 

processes that alter the availability of inorganic mercury for methylation and methyl mercury decomposition 

(demethylation) (Winfrey and Rudd, 1990). 

Inorganic mercury readily adsorbs to inorganic and organic particles as well as dissolved organic carbon 

(DOC) (Benes and Havelik, 1979; Rudd and Turner, 1983; Rodgers et al., 1984). The degree and extent of 

this binding, while not well understood, will affect the availability of mercury for methylation. Methylation of 

mercury in most aquatic systems is thought to be primarily a function of microbiological activity in the 

sediment (Winfrey and Rudd, 1999). Rates of methylation peak at the sediment-water interface and decrease 

in the overlying water and subsurface sediment (Korthals and Winfrey, 1987). Reduced pH also appears 

to increase the availability of methylated mercury by expediting its release from sediment into the water 

column. 

13.0 POLYCHLORINATED BIPHENYLS (AROCLOR 1260) 

Polychlorinated biphenyls (PCBs) are a mixture of chlorinated biphenyl chemicals which occur individually 

as 209 congeners, comprised of various chlorine substitution patterns. PCBs are closely related to many 

chlorinated hydrocarbon pesticides (e.g, DDT, dieldrin, and aldrin) in their chemical, physical, and 

toxicological properties and in their widespread occurrence in the aquatic environment (Nimmo, 1985). 

Mixtures of PCBs were marketed under the trade name Aroclor, with a numeric designation that indicated 

their chlorine content. Although production and use was banned in 1979, the chemical group is extremely 

persistent in the environment and bioaccumulates through the foodchain. There is evidence that the most 

potent, dioxin-like PCB congeners are preferentially accumulated in higher organisms. Additional research 

indicates that there is evidence that PCB risks increase with increased chlorination because more highly 

chlorinated PCBs are retained more efficiently in fatty tissues (USEPA, 1994b). The non-ortho-substituted 

coplanar PCB congeners, and some of the mono-ortho-substituted congeners, have been shown to exhibit 

dioxin-like effects. There is increasing evidence that many of the toxic effects of PCBs result from alterations 

in hormonal function. Consequently, the aggregate toxicity of a PCB mixture may increase as it moves up 

the foodchain (USEPA, 1993). 
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The three main effects of PCB exposure on terrestrial wildlife are mortality, decreased reproductive success, 

and behavioral modifications (USEPA, 1993). Mink (Musrela vison) appear to be among the most sensitive 

species to the toxic effects of PCBs (Gillette et al., 1987). Single oral doses of PCBs administered to mink 

have produced LD,, values of 750 mg/kg for Aroclor-1221 and 4,000 mg/kg for Aroclor-1254 (Aulerich and 

Ringer, 1977; Ringer, 1983). The primary chronic effect documented as a result of dietary exposure to PCBs 

has been decreased reproductive success, as evidenced by reduced whelping rates, fetal death, and 

reduced growth among the young. Based on a review of available data, USEPA determined that 30 pg/kg/d 

represented an NOEL value for reproductive effects of Aroclor-1254 (USEPA, 1993). 

Birds have been shown to be more resistant than mammalian species to the acute effects of PCBs. PCB 

doses greater than 200 ppm in the diet (lo mg/kg body weight) caused some mortality among northern 

bobwhite (Colinus virghians), mallards (Anas plythynchos), and ring-necked pheasants (Phasianus 

colchicus). PCBs provided to these birds at dietary concentrations of 1,500 ppm (100 mg/kg body weight) 

caused extensive mortality. Exposure to PCBs resulted in some mortality among all the avian species 

tested, with lethal concentrations depending on the length of exposure and the particular PCB mixture 

(Aulerich et al., 1973). For all avian species, PCB residue concentrations of at least 310 mg/kg fresh weight 

in the brain were associated with an increased likelihood of death from PCB poisoning (USFWS, 1986a). 

An evaluation of the results of various toxicity studies performed on a number of bird species led USEPA 

(1993) to conclude that 0.18 mg/kg/body weight represented an appropriate NOEL for avian wildlife. 

14.0 SELENIUM 

Selenium (Se) is the most strongly enriched element in coal, being present as an organoselenium 

compound, a chelated species, or an adsorbed element. On combustion of coal, the sulfur dioxide formed 

reduces the selenium to elemental Se (USFWS, 1986b). Selenium is an element that is required in trace 

amounts by some organisms. While considered to be an essential element for plants and animals, Se is 

toxic at higher concentrations (Masscheleyn and Patrick, 1993). 

Selenium biogeochemistry is complex and governed by many factors. The solubility of minerals containing 

Se, the complexing ability of solid and soluble ligands, microbiologically mediated oxidation-reduction 

reactions, methylation, and volatilization are all potential processes controlling Se concentration, mobility, 

and toxicity in both the aquatic and sedimentary environment (Masscheleyn and Patrick, 1993). The 

quantification of Se species present at the sediment-water interface and the extent of species transformations 

are critical to understanding Se biogeochemical behavior and its biotic and abiotic reactivity. According to 

Masscheleyn and Patrick (1993), redox potential and pH are the most important parameters determining 

chemical speciation and stability of Se in aquatic systems. Its chemistry resembles that of sulfur (S). 
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Selenium, like S, can exist in four different oxidation states: selenide (Se -II), elemental selenium (%I), 

selenite (Se IV) and selenate (Se VI). 

It has been suggested that selenite is more toxic than selenate, particularly to early life stages and that these 

effects are most pronounced at elevated temperatures. Also, Se salts may be converted to methylated forms 

by microorganisms, and these forms are readily accumulated by freshwater vertebrates (USEPA, 1987a). 

Se is readily taken up and transferred in the aquatic food chain. The high availability and intrinsic toxicity 

of Se oxyanions to aquatic organisms, plants, and wildlife make Se a harmful trace element. At high 

concentrations, detoxification by means of the formation of volatile metallothien and subsequent excretion 

become increasingly important (Masscheleyn and Patrick, 1993). 

Selenium metabolism and degradation is significantly modified by interaction with heavy metals, agricultural 

chemicals, microorganisms, and a variety of physicochemical factors. Results of laboratory studies and field 

investigations with fish, mammals, and birds have led to the general agreement that elevated concentrations 

of Se in diet or water are associated with reproductive abnormalities, including congenital malformations, 

selective bioaccumulation by the organisms, and growth retardation (USPWS, 1986b). 

Accumulation of Se by aquatic organisms is highly variable. In short-term tests, exposures to concentrations 

ranging from 0.015 to 3.3 pg Se/L, resulted in biological concentration factors of 450 for the mosquito fish 

(Gambusia sp.) to 32,000 for a freshwater gastropod (Nassos et al., 1980). Selenium accumulation is 

modified by water temperature, age of the organism, organ or tissue specificity, mode of administration, and 

other factors (USEPA, 1987a). 

In a lake in North Carolina receiving selenium (as flyash waste from a coal-fired power station), reproduction 

of green sunfish (Lepomis cyanellus) failed, and the population declined markedly. In these fish, Se levels 

were elevated in liver and other tissues; kidney, heart, liver, and gills exhibited altered histopathology and 

blood chemistry. It is probable that Se uptake by plankton [containing 41 to 97 parts per million (ppm) dry 

weight] from the lake water [9 to 12 parts per billion (ppb)] introduced Se into the foodchain where it 

ultimately reached levels in fish through biomagnification (Cumbie and van Horn, 1978). 

15.0 SILVER 

Numerous studies have indicated that free soluble silver (Ag) is among the most toxic metals to freshwater 

organisms. In most natural waters, the monovalent form of silver is of greatest concern. Silver may exist 

as a simple hydrated monovalent ion, or it may exist in various degrees of association with inorganic ions 

such as sulfate, bicarbonate, or nitrate (USEPA, 1980d). Silver is more toxic in soft water than in hard water 

(USEPA, 1980d). The sorption of silver by manganese dioxide, various ferric compounds, and clay minerals 
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and its subsequent partitioning by the sediment layer is strongly pH dependent (Dyck, 1968). Olcott (1950) 

administered 0.1 percent silver nitrate to rats in drinking water for 218 days. Upon necropsy, advanced 

pigmentation and ventricular hypertrophy were observed, although the hypertrophy was not attributed to 

silver toxicity. 

Silver exhibits a limited ability to bioconcentrate. Bioconcentration factors for freshwater species reported 

by USEPA (1980d) ranged from ~1 for bluegill sunfish (Lepomis macrochirus) to 240 for a mayfly 

(Ephemeral/a grandis) with a geometric mean bioconcentration factor of 57. 

16.0 THALLIUM 

Thallium is considered highly toxic. Acute ingestion by laboratory animals induced gastroenteritis, 

neuropathy, and renal and liver damage, while chronic ingestion causes alopecia (Kazantzis, 1986). Rats 

treated with thallium compounds for 90 days experienced liver damage (USEPA, 1994a). 

17.0 VANADIUM 

Vanadium (V) is an ubiquitous element, frequently associated with petroleum refining and products. It is also 

used in the hardening of steel, production of pigments, and the manufacture of insecticides. It is common 

in many foods, particularly milk, cereals, and vegetables. While the majority of vanadium encountered in 

mammals is stored in fatty tissue, bone and teeth contribute to the body burden (Amdur et al. 1991). It has 

been postulated that homeostatic processes exist for this element in that normal tissue levels can be 

maintained in the face of excessive uptake. The toxic action of vanadium in mammals is largely confined 

to the respiratory tract. Acute vanadium poisoning via ingestion is characterized by effects on the nervous 

system, hemorrhage, and respiratory distress (Amdur et al. 1991). No reports exist regarding vanadium 

phytoxicity under field conditions. However, experimental greenhouse studies have indicated that 

concentrations of 140 mg/kg in the soil and 0.5 mg/kg in the nutrient solution may be toxic to plants 

(Kabata-Pendias and Pendias 1992). 

18.0 ZINC 

Zinc is the fourth most widely used metal in the world and its major uses are for galvanizing steel, producing 

alloys, and as an ingredient in paints and rubber. Zinc occurs in many forms in natural waters and 

sediment. At pH 6.0, the dominant forms of dissolved zinc are the free ion (98 percent) and zinc sulfate, 

whereas at pH 9.0, the dominant forms are the mono-hydroxide ion (78 percent), zinc carbonate 

(16 percent), and the free ion (6 percent). Like many other cationic metals, the concentration of dissolved 

zinc is a function of both water hardness and pH (USEPA, 1987b). 
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Although zinc is an essential micronutrient for all living organisms, acute values for freshwater invertebrates 

range from 32 to 40,930 pg/L and those for fish range from 66 to 40,900 pg/L. Chronic values for 

invertebrates have been reported at concentrations as low as 46.7 pg/L while exposure of fish to 36.4 pg/L 

has resulted in chronic toxicity. Acute and chronic toxicity of this metal is a function of water hardness 

(USEPA, 1987b). 

19.0 OTHER CONTAMINANTS 

No data were available regarding the toxicity or environmental fate of 1 ,l dichloroethane, chloroethane, and 

4-nitrophenol. 
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RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
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II RISK ASSESSMENT SPREADSHEET - INGESIlON OF FOOD 
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Dose Calculations for Individual Contaminants - Mean Concentration 
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Dose Calculations for Individual Contaminants - Mean Concentration 
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Deriving Wildlife NOAEL Values from Laboratory Data 
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Bcnzcne Mouse ‘.63E+O2 Cottontail 1 .OOE-02 2.63E+OO 
Bls(Z-cth~lhexvl)phthalate Mouse 1.83E+Ol Cottontail I .OOE-01 1.83E+00 

-.__- -_ 

1 I .OOE-01 4.58E-01 

1 I.OOE-02 I .358-02 

1.35EXt2 

I .OOE-O2 2.OOE-03 

I .OOE-02 1.50E-02 

1 I.OOE-02 9.OOE-03 

R MF.07 

Chlorohewene 

Cis- 1 .3-Dichloroethnnc 

Vinyl Chloride 

Aldrln 

Endrm 

Lindnne 

Heptszhlor Ep oxldc 

Methvlene chlorldc 

Thallium 

Beagle 

Mouse 

Rat 

Rat 

Mouse 

2.73E+Ol Cottontail 1 .OOE-03 2.73E-02 
4.52Ei01 Cottontail 1 .OOE-03 4.52E-01 
I .70E+OO Cottontail 1 .OOE-02 1.70E-02 
2.OOE-01 Cotlonlail 1 .OOE-0 I 2.OOE-02 
9.70E-01 Cottontail 1 .OOE-02 9.20E-03 

Rat 

BeaplC 
Rat 

Rnt 

8.OOE+OO Cottontall I .OOE-0 I S.OoE-0 I 
2 .OOE-01 Cottontail 1 .OOE-02 ‘.OOE-04 

5.85E+OO Cottontail I .OOE-02 5.85E-02 
7.40E-01 Corronlml 1 .OOE-03 7.40E-04 

ou2 2~37 PM317196 



RISK ASSESSMENT SPREADSHEET - INGESTION OF SOIL 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: WRN CO’ITONTAIL 

II 

I1 Antimony I I 1 9.1 
1 . 

Barium 
Beryllium 
Cadmium 
Chromium 

2.1 
2.2 I&vL 
4.24E-01 
1.74E+OO 

A.... ,.n 

oluene 

II Benzo(a)pyrene 

Flouranthene 1.15E-04 
Pyrene 2.57E-02 
4,4’-DDD 1.56E43 
4.4,-DDE 1 S3E-03 

Chlorobenzene 
CIS-I .2-Dlchloroethane 
Vmyl Chlonde 

II Aldnn 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

! 1 [ O.OOE+OC 
j[Endnn I i 1 O.OOE+OO 
IlLindane 1 O.OOE+OC I 
([Heprachlor Epoxide 

1 
I 1 O.OOE+OO 

l.lOE-03 
2.6OE+Ol 

Methylene chloride 
Thallium 

OTAL 4.81E+Ol s II 

ou2 lo:27 AM911 2195 



DOSE CALCULATIONS FOR EASTERN COTTONTAIL 

MEAN CONCENTRATION 



Predicted Mean Chemical Concentration by Media (mgkg) 

r Soil 

I 2.30E+OOl O.OOE+OOl 4.2 

3.60E-01 I 0.OOE+OO~ 5.44E-031 7.20Ed 

2.lOE+OO1 O.OOE+OOl 2.14E-031 2. lOEd 

:-011 O.OOE+OO~ 1.93E-041 6.27E-O3)1 

1 6.30E-01 I O.COE+OOl 1.83E-021 6.37E-0311 

I I .30E-O2[ 2.606-041 8. ISEWl 3.llE-04 
4.70E-03 1 0.00E+OO1 1.17E-071 1.49E-04 

Aroclor 1260 
Dieldrin 
Endosulfan I 
Endrin aldehyde I .07E-O2 O.OOE+OO 6.7lE-06 2.56E-04 
Hcptachlor 2.OOE-03 I .30E-04 I .89E-07 7.47E-05 
Gamma-Chlordanc 2.OOE-02 O.OOE+@l 6.67E-05 3.27E-04 
Benzene O.OOE+00 I .00E-03 O.OOE+OO O.OOE+OO 

hnlnte 1 Bis(2-ethylhexyl)pht..--.- , 
Chlorohenzene 
Cis- I .2-Dichloroethane 
Vinvl Chloride 
Aldrm 
Endrin 
Lindanc 
Heptachlor Epoxide 
Merhylene chloride 
Thallium 

O.OOE+OOl 6.00E-03 1 O.OOE+OOl O.OOE+00~~ I 
O.OOE+OO I .00E-02 O.OOE+WJ O.OOE+NI 
0.ooE+oo I .OOE-03 0.00E+00 O.OOE+OO 
O.OOE+OO I .OOE-O3 O.OOE+CXJ O.OOE+OO 

-~%o.OOE+OO~ 1 .OOE-O4 1 O.OOE+OOl O.OOE+OO/l 

-o.~iE+acll I .9oE-061 O.OOE+OO~ O.OOE+OOl1 

I 
I O.OOE+OO] 1 .OOE-04 1 O.OOE+OO~ O.OOE+WI 

O.OOE+OO] l .ZOE-04 1 O.OOE+OO~ O.OOE+OO 

L 
I 1.20E-021 O.OOE+OO~ 8.27E-091 7.76E-03 

3.60E+OOj O.OOE+OO~ I .74E-021 I .44E-03 

ou2 2: 14 PM917196 



Predicted Maximum Chemical Concentration by Media (mgkg) 

II Antimony I 3.1 

Copper 

II Lead 
Manganese 
Mercury 
Nickel 

S.OSE+Ol 
! I.1 65E+ol 5.308-03 4.28E-03 6.89E-01 

2.llE+02 4.58E-01 1.94E-02 I .06E+Ol 
I .CNIE+OO O.OOE+00 1.51E-02 2.OOE-01 
5.40E+OO I JOE-03 8.16E-03 3.24E-01 

Selenium 3.20E+OO 3 JOE-03 8.4OEa3 8 .ooE-02 
Silver 3.70E+OO O.OOE+OO 3.77M3 3.70Ml 
Vanadium 2.42E+Ol 2.3OE-03 7.66E-03 7.26E-02 
Zinc 2.09E+02 5.82E-02 4.39E+Ol 1.88E+O2A 

IlToluene I 
Xylene 
&nzo(a)pyrene 
Di-N-octylphthalate 
Flouranthene 

IlPWefle 
4,4’-DDD 
4,4,-DDE 
4.4’-DDT 
Aloha-Chlordane 

I 4.2OE-021 O.COE+OOl 1.74E-l 07 4.15E-03 
I. lOE-02 2.OOE-03 5.51E-07 4.85E-03 
2.4OE-01 O.OOE+DO 1 B2E-03 3.72E-03 
6.7OE-02 O.OOE+00 1.8OE-01 6.2lE+Ol 
2.7OE-011 O.OOE+W I .93E-O4 6.27E-03 

I 3.60E-01 I O.OOE+OO 6.568-03 4.04E-03 
4.30E-02 2.80E-05 1.64804 6.836-04 
6.9OE-02 O.OOE+W I .62E-O4 I .22E-O3 
3SOE-0’ 2.9OE-04 I .30E-O4 5.59E-04 
2.70E-02 O.OOE+CKi 4.3OM2 1.14E-04 

Benzene 
Bis(?-ethylhcxyl)phthalate 
Chlorohenzene 
CIS- I .1-Dichloroerhane 
Vmvl Chlnrlde 
Aldrm 
Endrln 
Lmdnne 
Heptachlor Epoxide 
Methylene chloride 
Thallium 

O.OOE+OO I .OOE-03 O.OOE+@l 0.00E+OO 
O.OOE+OO 6.OOE-03 O.OOE+CNJ O.OOE+00 
O.OOE+OO 1 OOE-02 O.OOE+WJ O.OOE+OO 
O.OOE+OO I .OOE-03 O.OOE+OO O.OOE+OO 
O.OOE+@l I .OOE-03 O.OOE+WI O.OOE+W 
O.OOE+OO I .OOE-04 O.OOE+CKI O.OOE+OO 
O.OOE+OO I .OOE-04 O.OOE+OO O.OOE+00 
O.OOE+OO I .20E-04 O.OOE+OO O.OOE+OO 
O.CWE+OO I .9OE-06 O.OOE+W O.OOE+OO 

1.20E-01 O.OOE+CXI 8.27E-09 7.76E-03 
6.70E+OO 0.00E+00 3.24E-02 2.68E-03 

ou2 2:14 PM917196 



APPENDM K.7 

DOSE CALCULATIONS 



Dose Celculetions for Individual Conteminents - Mean Concentration 

Prcdiclcd 

COtlCMl. 
Mate 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

RABBIT\OUP\mean 11:59 AM911 2195 



Dose Calculatrons for individual Contaminents - Mean Concentration 

1 -‘T\OUL\mean 

admium 

Concentration NOAEL 

Hazard 

MCX I 

12. 

I’ 

7 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

rrictional Absorption 

Weight From Food from Meat 

Food-veg. S.llEa3 4.06E-04 1 .OOE+00 l.OOE+OO 4.ofzxM 

lnhahtion 

Air O.ooE +oo 0.ooE+oo l.OOB+00 1 .OOE+OO O.OOE+OO 

Derrmll 

Soil O.OOE+OO O.OOE+OO 1 .OOE+OO 1 .OOEal O.OOE+OO 

RABBITIOU2Lnean 11:59 AM9/12/95 



Dose Calculations for individual Contaminants - Mean Concentration 

I 70U2Irnean 

Concentration 

obalt 

Concentration Dose NOAEL 

Hazard 

Quotient 

Haurd 

l&X I 

ngstion I I I I I 
Soil 7.30E-OlI 3.908-031 1.57EOl I 2.49EXI2 I 
WWX 

Food 

nhalation 

Air 

O.OOE+OO OBOE +00 1.57Ed.Il O.OOE+OO 

5.46803 4.06B-04 1 s7E-01 2.598-03 

O.OOE+OO O.OOE+OO 157Fm1 O.OOE+OO 

Soil I O.OOE+CG( 0.ooE+oo( O.OOE+OO I 
I I I I 

r0td 
I 1 I I I 

I I 2.14EM I 

c 1 

Tc 

-’ %9/l 2195 



Dose Celculations for Individual Contaminants - Mean Concentration 

Predicted Intake hake from 

Predicled Fractional Absorption 

RABBIT\OU2\mean 11:59 AM911 2/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Copper 

Lngeslion 

Soil 

Waler 

Food 

inhalation 

Air 

Concentration 

mglkg 

l.l9E+Ol 

9.308-03 

3.05E+OO 

O.OOE to0 

Dose 

mglkgday 

6.368-02 

9.05EJM 

2.37841 

O.OOE+OO 

NOAEL 

66OE+OO 

6.6OE+OO 

66OE+OO 

6.6OEtOO 

Hazard 

Quolicnt 

9.64E-03 

1.37EG 

3.58842 

O.OOE+OO 

Hazard 

MCX 

‘( ‘T\OUZLnean 

Soil O.OOEt00 O.OOE+OO 6.6OE+OO OBOE+00 

Tolal 4.56802 

Concenrrarion NOAEL 

Waznrd 

Quotient 

Hazard 

MCX 

Soil O.OOEtOO OBOE+00 E.OOE-01 OBOE to0 

Tolal 2.23IWl 

1 .pq fw9/12/95 

r; 



Dose Calculations for Individual Contaminants - Mean Concentration 

Uangancse 

Prcd~cled 

Concsnr. 

intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptie Dietary Intake Uptake Fractional Absorption 

from Water from Soil 

Predicted hake hake from lntake Dermal Uptake Dictaq hake UpIakc Fractional Absorption 

Weigh1 From Food from Meat 

RABBIT\OU2hean 11:59 AM911 2195 



Dose Celculatlons for Individual Contaminants - Mean Concentration 

angancse 

Conccntralion DCSC NOAEL 

Hazard 

Quotient 

Hazard 

lndcx 

mglkg mglkgday 

I I I I I 
olal I I I 4.8OEXI2 

Concenrration NOAEL 

Hazard 

Quotient 

Hazard 

lIldCX 

c 12-q PM911 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Nickel 

Predicrcd 

Conccnl. 

lmake 

Weigh! From Food from Meal 

Intake from Intake Dcrmal Uplake Dierary Intake Uptake Fractional Absorption 

Selenium 

Prcdicled 

Concern. 

hake 

Weight From Food from Meat 

lmakc from make Dcrmal Uptake Dietuy Intake uptake Fractional Absorption 

Food-VC.g. 

tirtion 

Air 

knlal 

Soil 

2.45EXl2 1.95E-03 l.OOE+OO l.OOE+OO 1.95E63 

O.OOEtOO O.OOE+OO l.OOE+OO 1 .OOE+OO 0.ooE+oo 

O.OOE+OO O.OOE+oO l.OOE+OO 1.50E-01 O.OOEtOO 

ruweinou2bmw-t 11:59 AM9/12/95 



Dose Calculations for Individual Contaminants . Mean Concentration 

ickcl 

Conccntralion DOSC NOAEL 

Hazard 

Quotient 

Hazard 

IlldCX I 

clcnium 

Conccnrrarion NOAEL 
Hazard 

Quotient 

12+-‘7 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Silver 

Predicted Intake hake from 

Predicted 

RABBlTIOUlhean 11:59 AM9/12/95 



Dose Calculations for Individual Contaminants _ Mean Concentration 

T v7OU2Lnean 

E ilvcr 

Conccnrrarion Dose NOAEL 

Hazard 

Quodent 

Hazard 

MCX I 

Ingestion 

Soil 

Waler 

Food 

Inhalation 

2.lOEtOO 1.12E02 1.81E-02 6.20E-01 

OBOE +00 O.OOE+OO 1 AlE-02 O.OOE+OO 

2.12E01 1.67842 1.81E-02 9.23841 

Air ! O.OOEtOO] O.OOE+OO~ 1.81E-021 0.ooEtoo ! I 
3ermal 

Soil 

rod 

O.OOEtOO OBOE+00 l.ElE-02 0.OOEtOO 

l.UE+OO 

Conccnuation NOAEL 

Hazard 

Quotient 

Hazard 

II&X 

I I I I I 

12:0X PM911 2195 

( 



Dose Calculations for individual Contaminants - Mean Concentration 

Predicted 

Concenr. 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Polucne 

Pralicred hake bake from Intake Dcmul Uptake Dictzuy Intake Fractional Absorption 

Weight From Food from Meat 

11:59 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

T -‘T\OUZ\mesn 

Zinc 

NOAEL 
Hazard 

Quotient 

Conccnuation 

12:W W9/12/95 

(, 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted 

Conccm. 

hake 

Weight From Food from Meat 

Intake from Intake Dcrmal Uptake Dietary Intake 

Predicted 

Concenr. 

Intake 

Weight From Food from Meat 

Intake from Llemml Uptake Dietary Intake Fractional Absorption 

11:59 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentration 

Beruda)pyrenc 

Concentration Ihsc 

mgikg mglkgday 

NOAJZL 

Hazard 

Quotient 

Hazard 

IlldCX 

1 -,-- wh9112195 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Di-N-octylphthalatc 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Inlake from Intake Dermsl Uptake Dietary Intake Fractional Absorption 

%uranthene 

Predicted Intake Intake from Intake Dmnal Uptake Diebuy Intake Fractional Absorption 

Weight From Food from Meal 

RABBInOu2bnran 11:59 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

i-Nxxztylphthalatc 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IINICX 

btgestion 

Soil 

Water 

Feed 

6.708-02 

O.OOE+OO 

6.238+01 

3.58EM 

O.OOE+OO 

4.948+00 

550E+Ol 

S.SOE+Ol 

550E+Ol 

651Exf6 

O.OOE+OO 

8.9aE02 

bhalation 

Air 

Dcrmal 

OBOE+00 OBOE+00 S.SOE+Ol OBOE+00 

Soil O.OOE +00 OBOE+00 S.SOE+Ol O.OOE+OO 

Total 8.9aE-02 

wranthcne 

Concenlrrtion NOAEL 

Hssard 

Quotient 

Ingestion 

Soil 

Water 

FOOd 

Inhalation 

Air 

Lkrtllal 

Soil 

2.70E-01 1.44EJP. 1 .PSE+Ol l.lSE-04 

O.OOE+OO O.OOE+OO 1.2SE+Ol O.OOE+OO 

6.478-03 4.99B-04 1.25El+o1 3.99E-05 

O.OOE+OO O.ooE+oo 1.25E+Ol O.OOE+OO 

O.OOE+OO OBOE+00 1.25E+Ol OBOE+00 

““T\OUZ\mean “B t. 

1 .n? pM9/12/95 

4% 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdicred 

Conccnt 

Intake 

Weight From Food from Meat 

Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption Pr 

RABBIT\OUZLnean 11:59 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

rcne 
Concentration DOSC NOAEL 

Hazard 

Quoticnr 

Hazard 

Index 

-‘TiOUZhan I 
1 -? f’M9/12/95 

c 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from hake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

i,4’-DDE 

Predicwd 

Conccnt. 

Intake 

Weight From Food from Meat 

Intake from Dcrmal Uptic Dietary hake Uplake Fractional Absorption 

Food-vcg. 

nhalation 

Air 

xxmsl 

Soil 

4.06EM 3.23845 l.OOE+OO 1 .OOE+OO 3.23EO5 

O.OOE+OO O.OOE+oO l.@OE+OO l.OOE+Oo o.OOE+OO 

O.ooE +oo O.OOE+00 l.OOE+OO 1 .OOE-Ol O.OOE+OO 

t7ABBIT\OUZhean 1~47 PM911 2195 



Dose Calculations for Individual Contaminants _ Mean Concentration 

1.4’-DDD 

Conccnlrrrion 

Wkg 

Dose 

mglkgday 

NOAEL 

Hazard 

Qoricnt 

Hazard 

Index 

1,4,-DDE 

Conccnlrrrion Dose NOAEL 

Hazard 

Quotient 

I I I I I 1.93E-03 

I 
1 *=n PM9/1 Z/95 

i 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Dctmal Uptake Dietary Intake Fractional Absorption Pr 

RABBIT\OUZhean 1~47 PM911 2195 



Dose Calculations for Individual Contaminants . Mean Concentration 

“c “‘TIOUZknean 

4,4’-DDT 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IilliCX 

rotai I I I I I 1 HEa3 

Upha-Chlordane 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

MCX 

1 .sn PM9/12195 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake hake from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

flABBIT\OUZ\mean 1~47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

“I ‘\OUZb-naan 

NOAEL 

Hazard 

Quotient 

Hazard 

lndCX 

Concentration 

Hnvrd 

Dow NOAEL Quotient II&X 

- - PM9/12/95 (1, 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake hake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

1:47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

. TOU2Lnern “Q 

Dicldrin 

Concentration NOAEL 
Hazard 

Quotient 

Hazard 

ItldCX 

I I I I I 
5.98E02 

Endosulfan I 

Concentration Dose NOAEL 
Haxard 

Quotient 

Hazard 

Ill&X 



Dose Calculations for Individual Contaminants - Mean Concentration 

II I 
Heptachlor 

Prcdicled Intake Intake from Intake Dcrmd Uptake Dietary Intake uptake Fractional Absorption 
Conccnt Weight From Food from Meat Vegetation from Water from Soil Soil from Air Intake Fraction 

M&ion 
Air O.OOE+OO o.ooE+oo l.OOE+txJ l.oOE+OC 

Dexnld 
Soil OBOE+00 0.ooE+oo l.OOE+OO 1 .OOEaI 

O.OOE+M) 

ftmmlnou2hsan 1~47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Hcptachlor 

NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

Ingestion I I I I I 

Soil 2.OOEa31 1.07E-05 I 8.OOEa2 1 1.348-04 

Water 

FOOd 
I 1 JOE041 1.27Ea5 1 8.OOEU2l 1.58EG I 

7.49EOSI 5.5’4E&j S.OOE~l 7.42E-05 I 
lnhalalion 

Air 

I I I I I 
OBOE+001 O.OOE+OO~ S.OOErnl O.OOE+OO 

Soil I O.OOE+OO~ O.ooE+oo~ O.OOE+OO I I I I I 
I I I I I 

3 66E-04 1 

.=C) PM911 2195 I 



Dose Calculations for Individual Contaminants - Mean Concentration 

Gamma-Chlordanc 

Fractional Absorption 

Predicted 

Concenl. 
Intake 

Weight From Food from Meat 

Intake from 

Vegetation 
hake Dcrmal Uptake Dietary Intake uptake Fractional Absorption Predicted 

from W8tcr from Soil Soil thm Air Intake Fraction Dose 

hh&iOIl 
Air 

Soil 

O.tNE+OO 

OBOE+00 0.OOE+OO 

O.OOE+OO l.OOE+OO l.M)E+tXI O.OOE+O( 

1 .OOE+OO l.OOE-02 O.M)E+O( 

1:47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

1 ‘“T\OU2\mean 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

II&X I 

ngcshn 

Soil 

Waler 

Food 

nhalation 

Air 

krnul 

Soil 

2.OOEX))Z I .07EW 4.58E-01 2.33E-04 

O.OOEtOO OBOE+00 4.58Eql O.OOEtOO 

3.94EU4 2.6OE-05 4.58E-01 5.68EQJ 

O.OOEtOO O.OOEtOO 4.58801 0.00EtOO 

O.OOEtOO O.OOEtOO 4.58EXIl O.COEtOO 

1 .=n PM911 2195 

I, 



Dose Calculations for Individual Contaminants - Mean Concentration 

)is(2clhythenyl)phrhalatc 

Predicted hake Intake from Intake Damal Uptake Dietary Intake uptake Fractional Absorption 

Predicted Intake Intake from Fractional Absorption 

wa3inou2hesn 1~47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

T -‘T\OUP\mean 

Bis(2tthyIhexyI)phthalatc 

Concentration NOML 
Hazard 

Quotient 

Hazard 

It&X 

ingestion 

Soil 

Water 

Focd 

O.OOEtOO O.OOEtOO 1.83EtOO O.OOEtM) 

6.OOE43 5.84ExM 1.83EtOO 3.19E# 
O.OOEtOO O.OOE+OO 1.83EtOO O.OOE+OO 

nhalation 

Air 

hrllal 

Soil 

OBOE+00 O.OOE+OO I .83E+OO O.OOEtOO 

O.OOE+OO OBOE+00 1.83Et00 0.OOE+OO 

Soil O.OOEtOO OBOE+00 2.138-02 O.OOE+W 

Waler 1 BOE-02 9.73E44 2.73E-02 3.YTEO2 
Food O.OOEtOO O.OOE+OO 2.738-02 O.OOE+OO 

( 
1 T- PM90 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

3-I .2-Dichloroethane 

Predicted 

Concern. 

Fractional Absorption Pr 

Weight From Food from Meat V 

Soil 1 OCOEtOOj I I I I 1 O.OOEtOO~ I 1 l.OOEtOO~ l.OOE41~ O.OOE+ 

Predicted 

Concem. 

Intake 

Weight From Food from Meat 

Intake from Dcmd Uptie Dietary Intake Fractional Absorption 

RABBIT\OUl\mean 1~47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

is-1.2.Dichlorocthanc 

Ingestion 

Soil 

Water 

FOOd 

:nhalation 

Air 

Conccntrarion 

mglkg 

O.OOE to0 

I BOE-03 

O.OOEtOO 

O.OOEtOO 

Dose 

mglkgday 

O.OOEtOO 

9.73845 

O.C@E+OO 

OBOE+00 

NOAEL 

4.52E-01 

4.52Eal 

4.52EGl 

4.52EXtl 

Hazard 

Quotient 

O.OOE+OO 

2.15E00 

OBOE+00 

OBOE+00 

Soil O.OOEtOO~ O.OOE+OO~ 4.52EXIlj OBOE+00 I 

rot.31 
I I I I I 

2.15E-04 

IL inyi Chloride Hazard Harard 

Conccnlrarion Dose NOAEL Quotient llldCX 

ngcstion 

mglkg mg/tgday 

I ! I I I 
Soil 

Water 

Food 

Inhalation 

Air 

0.ooE+oo OBOE+00 1 .IOEm o.ooE+oo 

I JJOE-03 9.738-05 1 .IOEM 5.73E-03 

O.COEt00 O.OOE+OO 1 .IOEM O.OOE+OO 

O.OOE+OO O.OOEtOO 1 .IOEM O.OOE+00 

OBOE+00 O.OOE+@l 1 .IOEM O.OOE+OO 

~~~TlOU2imean “Q ( 
1 .=Q PM9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Udrin 

Predicted Fractional Absorption Pr 

From Food fro 

Endrin 
Predicted Intake hake loom Intake Dmnal Uptake Dietary Intake Fractional Absorption Predicted 
conccnc Weight From Food from Meat Vegetation lhm Water tiomsoil Soil Air Intake Fraction Dose 

mg/day mglkglday mg/kg/day mgkglday mgilcg/day mglkglday mglkglday mg/kgday 
^^ ^ *^-. _a I I I I I I I I Ingestion j1.13E+uul Y.DYE+WI I I I I I 

RABBIT\OU2\mean 1:47 PM911 2195 



Dose Calculations for lndwidual Contaminants - Mean Concentration 

T ‘T\OUZVnaan 

drin 

Conccnuation Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index 

lngcstion 

Soil 

Waler 

Food 

O.ooE +oa O.OOE+OO 2.OOE-02 OBOE+00 

I XOE-04 9.138-06 2.OOEM 4.878-04 

O.OOE+OO O.OOE+OO 2.OOEM O.OOEtOO 

nhalation 

Air 
I I I I I 

O.‘XIEtOO] OBOE tOOI 2.OOEMI O.OOEtOO 

Soil I OBOE +CNll O.OOEtOOl 2.OOE-ozl 0.ooE+oo I 
I I I I I I I I 

I I I I I 4.87EJJ4 

Soil OBOE tM) O.OOE+OO 9.203343 O.OOEtOO 

Total 1 B6E-03 

.-I PM911 2195 

t+ 



Dose Calculations for Individual Contaminants - Mean Concentration 

Fractional Absorption Pr 

Hcptachlor Epoxide 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Inlake from Dermal Uprake Dietnry Intake Fractional Absorption 

RABBIT\OU2\maan 1~47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

indane 

Concentration 

mglkg 

DOSC 

mg/kgday 

NOAEL 

Hszard 

Quoticnr 

Hazard 

Index 

I I I I I 1 A6805 
I 

cpuchlor Epoxide 

Conccnuarion Dose NOAEL 
Hazard 

Quotient 

Hazard 

lnder I 

Ingestion 

Soil 

Water 
Food 

Lnhalation 

Air 

O.OOE+OO O.ooE too 2.OOE44 O.OOEtOO 

1.9OE36 1.8SE-07 2.OOEo4 9.2SEM 

O.OOEtOO O.OOEtOO 2.oOE44 OBOE+00 

OBOE to0 O.OOE+OO 2.OOE44 O.OOE+OO 

Soil 1 O.OOEtOO1 O.OOE+OO1 2.ooE4 0.OOEtOO I 
I I I I I I I I 

I-OtSl I I I I I 9.23E-04 

rrq PM911 2195 

c 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdicrcd 

Prcdicld 

From Food from Meat 

Fractional Absorption 

1:47 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentralion 

I I I I I 
Total 1.16E-02 

Thallium 

Concentration Dose 

mgikg mgkgday 

Hazard 

NOAJXL Quotient hlCX 

i 

f 

YIOU2Vnean 1 .cf-l PM911 2195 

t 



DOSE CALCULATIONS FOR EASTERN COTTONTAIL 

MAXIMUM CONCENTRATION 



RISK ASSESSMENT SPREADSHEET - INGESTION OF SOIL 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: EASTERN COTTONTAIL 

CHEMICAL HAZARD QUOTB 
1 Aluminum 
Aniiony 1.54E+Ol 
Arsenic 7.26E+OO 

IlBarium I I 1 l.O9E+O -11 

II 

I I 
I 
I 

- --- ^. 
Beryllium 2. z70-&- 

CadmiUm 1 1.36E+oo 

II Chromium I I 1 5.95ri+u -- -0 
Cobalt I 5.45E3: i-- 

/Copper I I I -- _ 
4.12EG z 
- __- - 

Lead Xlwui- 
Manganese 1.28E-01 
Mercury 4.058-03 
Nickel 7.22E-03 

II Selenium I I 2.28E-0 

llFloumnthene I I I 1.15E-04 
Pyrene 
4,4’-DDD 
4,4,-DDE 
4.4’-DDT 
Alpha-Chlordane 
Aroclor 1254 
Aroclor 1260 

2.57E-02 
2.87E-03 
4.618-03 
2.34E-03 
3.15E-04 
l.llE-02 
2.50E-01 

Dieldnn 
Endosulfan 1 
Endrin aldehyde 
Heptachlor 
Gamma-Chlordane 

6.15E-02 
2.718-03 
1.6OEXl2 
1.34E-04 
3.398-04 

Lindane 
Heptachlor Epoxide 
Methylene chloride 

OBOE+00 
O.OOE+OO 
l.lOE-03 

Thallium 

TOTAL 

I I 1 4.84E+Ol 

I 
l.O6E+02 

ou2 IO:27 AM9/12/95 



RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: EASTERN COTTONTAIL 

I I 
OTAL 

ou2 lo:27 AMSl12195 



RISK ASSESSMENT SPREADSHEET - INGESTION OF FOOD 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: EASTERN CG’ITONTAIL 

hriurn 
II Beryllium 

I I 1 2.4 
I 3.: 
I ^^ 

II Chromium 

Silver 
Vanadium 
zinc 

5.06Ea3 
9.35EXIl 

27EXls 

II Selenium 

Dieldrin 2.19E-02 
Endosulfan I 2.14E-03 
Endrin aldehyde 5.71E-03 
Heptachlor 7.42E-05 
Gamma-Chlordane 8.248-05 
Benzene 
Bts(2-ethylhexyl)phthalate 
Chlorobenzene 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Cis-1,2-Dichloroethane 
Vinyl Chloride 
Aldrin 

O.OOE+OO 
OJXlE+OO 
O.OOE+OO 

II Endrin 
Lindane 

I 1 O.OOE+OO 
I 1 O.OOE+OO II 

Heptachlor Epoxide 
Merhylene chloride 
Thallium 

TOTAL 

ou2 lo:27 AM911 2195 



Dose Calculatmns for Individual Contaminants . Maximum Concentration 

Intake hake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption Predicted 

Werght From Food from Meat Vegetation from Water from Soil Soil from Air Intake Fraction Dose 

PWdlCld 
Concent. 

hake 
Weight From Fond from Meal 

Intake from 

Vegetation 

Intake Dmnal Uptake Dietary Intake uptake Fractional Absorption Predicted 

from Water from Soil Soil from Air Intake Fraction Dose 

pslr “~T\OlJ2\maximum c 1.*4 PM911 2195 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Conccnuation NOAEL 
Hazard 

Quotient 

HBzard 

hldCX 

Hazard Hazard 

1:56 PM911 2195 



Doss Calcular~ons for Individual Contaminants - Maximum Concentration 

Prcdicrcd 

Concent 

IlllakC 
Weigh1 From Food from Meal 

Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

ForKl+eg. 

nhalation 

Air 

km1 

Soil 

1.03E4Il 8.16E43 l.OOE+OO l.OOE+OO 8.16863 

0.00EtOO O.M)E+OO l.OOE+OO l.OOE+OO O.OOE+CKI 

OOOE+OO O.OOE+OO l.OOE+OO 1 .oOE-Ol O.OOE+OO 

I 

Barium 

Predicted 

Concem. 

lntakc 

Weight From Food from Meat 

Intake from hake Dcmd Uptake Dietary Intake Fractional Absorption 

P”lIOU2Lnaximum 1 -=4 PM9/12/95 c 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Arsenic 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Barium 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

lOdCX 

RABBlnOU2Lneximum 136 PM911 2195 



Dose Calculations for lndwdual Contaminants - Maximum Concentration 

Beryllium 

Predicted hake 

From Focal from Meat 

Intake from Intake Dermal Uptake Dietary Intake 

Cadmium 

Predicted Intake Intake from 

134 PM911 2195 

c 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Beryllium 

Concentration NOAEL 
Hazard 

Quotient 

Hazard 

Index 

Cadmium 

Concenuation NOAEL 
Hazard 

Quotient 

Hazard 

hXlCX 

f7ABBIT\OU2\meximum 1:56 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Thromium 

PredIcted 

Concent 

bake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dwmal Uptake Dietsry Intake Fractional Absorption 

from Water from Soil 

Shalt 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Damal Uptake Dietary Intake uptake Fractional Absorption 

Food-so. 7.58EW O.OOE+C!Q 1 .OOE+OO l.OOE+OO o.ool3+oo 

FOOd-vtg. 1.12E42 8.91E44 l.ooE+Oo 1 .oOE+oO 8.91E44 

Mation 

Air 0 ooE+oo O.OOE+tM l.OOE+OO I.OOE+OO o.lm+al 

3tmUl 

Soil O.OOE+OO i OBOE+00 l.OOE+OO 1 .oOE-Ol O.OOE+oO 

A 

t 

.“?OUP\maximum 1 .Gr( PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IMICX 

obalt 

Concentration Dose NOAEL 

Hazard 

Quotient IOCICX 

RABBIT\OU2\msximum 1:56 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Pruhcted 

Conccnr. 

Inlake 

Weight From Food from Meal 

Intake from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Predicted Intake Intake from Intake Dcnnal Uptake Dietary Intake uptake Fractional Absorption 

Weight From Food from Meat 

‘y ‘?OU2Lnaximum - ’ pM9/12/95 I 



Dose Calculations for Individual Contaminants _ Maximum Concentration 

Concentration 

fIABBIlIOU2Lneximum 1:56 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Manganese 

Fractional Absorption Pr 

Mercury 

Predicted 

Conccnl. 

hake 

Weight From Focd from Meat 

Intake from Denrd Uptake Diwry Intake uptake Fnctiooal Absorption 

T “‘lIOU2\msximum 1 .Cd PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration 

Concentration NOAEL 
Hazard 

Quolicnt 
Hazard 

IIldCX 

RABBIT\OU2haximum 156 f’M9/12/95 



Dose Calculations for individual Contaminants - Maximum Concentration 

Nickel 

Prcdiclcd 

Conccnr. 

hate lntakc from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Food from Meal Vegetation from Waler from Soil 

Prcdicrcd Intake from Fractional Absorption Pr 

0”rT\OU2!maximum 1 c 154 PM911 2195 

c 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Nickel 

Concentration Dose NOAEL 
Hazard 

Quotient 

Hazard 

Ill&X 

Selenium 

Concentration NOAEL 
Hazard 

QU0tht Index 

RABBITIOU2haximum 156 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted 

Vanadium 

Predicted 

Concent. 

Intake Intake from 

Weight From Food from Meat Vegetation 
Intake Dermal Uptie Diewy Intake Fractional Absorption Predicted 

from Water from Soil Soil Air Intake Fraction Dose 

1 -‘T\OU2haximum 1 -CA. PM9/12/95 

II 



Dose Calculations for Individual Contaminants - Maximum Concentration 

E ilver 

Concentration Dose NOAEL 
Hazard 

Quotient 

Hazard 

Ill&X I 

Concentration NOAEL 
Hazard 

Quotient 

Hazard 

I&X 

156 PM90 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Zinc 

Predicted 

Concern W 

hake Intake from 

Toluene 

Predicled 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

hake Dermd Uptake Dietary Intake Fractional 

from Water from Soil Soil Air Intake 

Inlulrtion 

Air 

Sail 

O.OOE+OO 0.OOE+OO l.OOE+OC 

O.OOE+OO o.ooE+oo l.OOE+tK 

Absorption Predicted 

Fraction Dose 

m&day 

1.OOE+OO 2.25E44 

l.OOE+OO O.OOE+OO 

I .OOE+OO 0.00E+OO 

1 .OOE+OO 3.3OE-04 

l.OOE+OO O.OOE+OO 

1 .OOE43 OBOE+00 

1 TOU2hrximum l.=’ PM9/12/95 

( 



Dose Calculations for Individual Contaminants - Msximum Concentration 

Zinc 

Concentration Dose NOAEL 
Hazard 

Quotient 

Hazard 

Index 

roluene 

Concentration NOAJZL 
Hazard 

Quotient 

Hazard 
IIKICX 

1:56 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

I 
Xylene 

Prcdicld Intake Intake from Fractional Absorption 

knzo(a)pyrene 

Predicted 

Concern. 

Intake 

Weigh: From Food from hical 

Intake from 

Vegetation 

Jntake Dermal Uptake Dietmy Intake Fractional Absorption 
from Water from Soil soil Air hake Fraction 

nhalation 

Air 

krmal 
Soil 

OBOE+00 O.oOE+OO l.OOE+OO l.OOE+OO O.OOB+OO 

O.OOE+OO O.OOE+OO I.OOE+OO l.OOE42 O.OOEt00 

1 70U2Lnaximum 

I 
1 *C l PM9/12/95 

( 



Doss Calculations for Individual Contaminants - Maximum Concentration 

NOAEL 
Hazard 

Quotient 

Hazard 

Index 

I I I I I 
Total 3.1OE-03 

Concentration DOS.2 NOAEL 

Hazard 

Quotient 

Hazard 

MCX 

RABBIT\OU2haximum 1:56 PM911 2195 



Doss Calculations tar lndwidual Contaminants - Maximum Concentration 

b LN-octylphthalate 

Predicted Intake 

Conccnt Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption 

from Water from Soil Soil Air bake Fraction 

gestion 

Soil 

kg mglday mglkglday mglkglday mg/tg/day mgllrg/day mgllrg/day mgIkg/day 
l.l3E+OO1 9 59E+4 I I I I 

Ill&g&y 

I I 
3.588441 

I 
6.70842 1 LOOE+OO1 I.OOE+OO~ 3.58EW 

1 O.OOE+OO~ I 
I 

I 
I 

I 
I 

Soil I 
I 

1 O.OOE+OO~ 
I I 

1 l.OOE+OO~ LOOE4lj 0.00E+OO 

Floumnthene 

Predicted Fractional Absorption 

T -‘T\OU2\maximum I.=* PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

-. -. 

.” . 

i-N-octylphthalate 

Concenrrarion 

Concentration 

fL4BBlnOU2\maximum 1:56 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Fractional Absorption Pr 

Pyrcoc 

1*=4 PM9112l95 

( 
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Dose Calculations for Individual Contaminants - Maximum Concentration 

RAB9IT\OU2heximum 3:04 PM911 2195 



Dose Calculations for lndwidual Contaminants - Maximum Concentration 

Predicted Intake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Predicted 

Conccnt. 

Intake Intake from 

Weight From Food from Meat Vegetation 

hake Dmnal Uptake Dietary Intake uptake 

from Water from soil Soil thml Air 

T n’r\OU2\mrximum 

Fractional Absorption 

Intake Fraction 

l.OOE+O0 l.ooE+oc 

l.OOE+00 l.ooE+w 

l.OOE+OO 1 .OOE+CK 

l.OOE+OO l.OOE+Of. 

1 .ooE+oo l.OOE+OC 

1 .OOE+OO~ 1 BOB42 

3. 

t 

n pM9ii 2195 



Dose Calculations for Individual Contaminants _ Maximum Concentration 

Gamma-Chlordane 

Concentration NOAEL 
Hazard 

Quotient 

Ibard 

Ill&X 

Concentration NOAEL 
Hazard 

Quotient 

RABBIT!OU2\msximum 3:04 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

isOcthylhexyl)phthalate 

Prcdlctcd 

Conccnt 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dwmal Uptake Dietary Intake Uptake Fractional Absorption Pralictai 

from Water from Soil Soil from Air hake Fraction Dose 

Predicted Intake 

From Food from Meat 

hake from Intake Dcmul Uptake Dietary Intake uptake Frdond Absorption Praiicwd 

“c ~‘T\OU2haxirnum A PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 
h&X 

Concentration 

3:04 PM9/12195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Cis-l.Z-Dichlorocthane 

Predicted Mate hake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat 

Intake Intake from Dcrmd Uptake Diebuy Intake Fractional Absorption 

~“TIOUZbnsximum I 
3-N PM911 2195 

( 



Dose Calculations for Individual Contaminents - Maximum Concentration 

A I 
Xvl.Z-Dichloroerhanc Hazard Hazard 

Concentration Dose NOAEL Quotient Index 

u’inyl Chloride Hazard 

r0td 

I I I I I 
5.73E-03 

FiABBIT\OU2\msximum 3~04 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted Intake hake from 

E&in 

Fractional Absorption P 

. -‘T\OU2hsximum ‘y .-q PM911 2195 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration Dose NOAEL 
Hazard 

Quotient 

Hazard 

Index I 

I I I I I 
4.878-W 

I 

t 
ndrin 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

3:04 PM911 2195 



Dose Calculattons for Individual Contaminants - Maximum Concentration 

Lindrne 
Predicted 

Concert 
Inlake 

Weight From Food from Meal 

Wake from Intake Dermal Uptake Dictaq Intake 

Heptachlor Epoxide 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intate Derm8l UpIakc 

from W8ter from Soil 

Soil 1 O.OOE+OO) I I I I 1 o.ool3+lMl 

Dietmy lmke Fractional Absorption Predicted 
Soil Air lnt8ke Fraction Dose 

mg/kg/day mglkglday mgikgday 
I I I I 

o.ool3+oo l.OOE+OO l.oOE+oO 0.00B+00 
I .OOl3+00 l.OOE+00 1 ME47 
l.fME+OO l.OOE+OO O.oOE+oO 
l.CCBE+OO 1.OOJ3+00 0.OoE+OO 

O.OOE+OO l.OOE+OO l.OOF.+OO O.oOE+oO 

1 TOU2Lneximum -- PM911 2195 

I 



Dose Calculations for Individual Contaminants - Maximum Concentration 

indane 

Concentration Dose NOAJZL 

Hazard 

Quotient 

Hazard 

Index I 

Heptachlor Eporide 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

Ingestion 

Soil 

Water 

Food 

inhalation 

Air 

O.OOE+OO O.OOE+OO 2.ooEa4 0.00E+OO 

1.9OE46 1.85E-07 2.OOE44 9.25E-04 

O.OOE+OO O.OOE+00 2.OOE-W O.OOE+OO 

O.OOE+OO O.OOE+W 2.OOE44 O.CfJE+OO 

Deml8l 

Soil O.OOE+OO OXJOE+ 2.00844 O.OOE+OO 

rotal I I I I I 9.25E-04 I 

RABEIT\OU2bnaximum 3:04 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Nethylene chloride 

Predicted 

Concent 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

lhallium 

Predicted Intake 

From Food from Meat 

hake From Intake Derrnal Uptake Dietary Intake Fractional Absorption 

T gtlIOU2\maximum 3.00 PM911 2195 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ethylene chloride 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

Soil 

Water 

Food 

Inhalation 

I .20Ea2 6.42E05 5.85EX12 l.10E-03 

O.OOE+OO O.OOE +00 5.85E-02 O.OOE+OO 

7.76EXI3 6.17E-04 5.85EJJ2 1.05Ea2 

Air O.CQE+OOj O.OOE+OOI 5.85E-O2I O.OOE +oO I 
DemlA 

Soil O.OOE+OO O.OOE+OO 5.85EM O.OOE+OO 

rhallium 

Conccnlration NOAEL 

Hazard 

Quotient 

Hazard 

index 

RABBIT\OUZ\msximum 3~04 PM911 2195 



DOSE CALCULATIONS FOR RED FOX 

MEAN CONCENTRATION 



Deriving Wildlife NOAEL Values from Laboratory Data 

Lab Test 
Results Endpoint 

&hated Wild- 
Scaling Factor life NOAEL Contaminant 

1.25E+OO IRed Fox 1 1.’ 

1~ 2.52E+OO (Red Fox 1 I. 

I 6.60E+01 lRedF0~ ~.OOF,Ol 1 6.6OE+Ooll 

] 1.35E+OO IRed Fox 1 l.ol 

no3 I 7.5OE-02~~ 

I I ME-02 I 1.5OE-0211 

I ME-02 1.70E-0211 

I 9 TOE-01 1 Red Fox I l.OOE-02 1 9.20E-0311 
8.00E+GU IRed Fox 1 l.OOE-01 1 8.OOE-01 

I 

Z.OOE-02 IRed Fox I l.OOE-03 1 2.OOE-04 

_.--- .~ 

1 7.40E-01 IRed FOX I.OOE-03 1 7.4OE-04 
1 5 XSli+OO IRed Fox I l.OoE-02 1 5.85E-0211 

Endrin Mouse 

Lindane Rat 

Heptachlor Ep oxide Beagle 

Methylene chloride Rat 

Thallium Rat 

ou2 2~37 PM9/7/96 



RISK ASSESSMENT SPREADSHEET - INGESIlON OF SOIL 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

ou2 lo:27 AM911 2195 



II RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

IIBenzo(abvrene I I I O.OOE+OO 

Aroclor 1260 O.OOE+OO 

Dieldrin 1.09E-02 

Endosulfan I O.OOE+OO 
Endrin aldehyde O.OOE+OO 

Henuchlnr 1.37E-04 

I I 
OTAL 

I 

ou2 lo:27 AM9/12/95 



RISK ASSESSMENT SPREADSHEET - INGESTION OF FOOD 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

CHEMICAL HAZARD QUOTIENT 

Alllminum 1.22Ea2 
Antimnny 2.5OE-02 
Arsenic 4.01E-03 
Barium 8.41E-04 
Beryllium II Cadmium 

I I I 4.4OE-05 
! 9.13E-04 

! I 1.08E-03 

copper 
Lead 
Manganese 
Mercury 

I 
8.82Ea 
1.5OE-04 
3.09EaS 
3.OlE-04 
6 07wx 

‘L 

II 
II 

Selenmm 

Vanadium 
Silver 

zinc 
Toluenc 
Xylene 

I 

! 

I 

I 

I 

! 

L.3lJE-w 

1.99Ea 
I 8.648-03 

J 
I I I 4.01E-02 

n CIP .n 

I I I 6.57E-08 
7.448-04 

Di-N-octylpntnatare 

A U-.Y. .-VT 

Floutanmene 

Aroclor 1260 

Pyrene 
4.4’-DDD 

Dieldrin 

4.4,-DDE 

Endosulfan I 
Endrin aldehyde 

.,. --. 
Alpha-Chlordane 
Am,,-lnr 1724 

I 

L.IYCV9 

, .-“- -< 

1.12Eti 

I 9.9OE-02 

6.388-03 
8.12E-05 

2.98E+l 

4.91E-05 

5.67E-07 

I 

5.44E-05 

1 I S .478-05 
I 2.26E-03 

I I 7 anwtnT 

Heptachlor 
Gamma-Chlordane 
Benzene 
Bn.(2tthylhexyl)phthalate 
Chlorobenzenc 
CIS-l,2-Dtchlornethane 
Vinyl Chloride 

1.73E-07 
1.06E-05 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Aldrin 
Endrin 
Lindanc 
Heptachlor Epoxide 
Methylene chloride 
Thallium 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1 1.03E-08 
1.72E+OO I I I I 

OTAL 1.92E+OO 

ou2 lo:27 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

uminum Prediclcd 

hake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption Predicted 

Weight From Food from Meat VegcIation from Water from Soil Soil from Air Intake Fraction Dose 
I 

From Food from Meat 

Fractional Absorption 

Fox\OU2\maan lo:50 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Cnncenrrarion 

Antimony 

Concenuadon 

w/kg 

DOSC 
mglkgday 

HaZXd Hazard 

NOAEL Quotient IlldCX 

r0td I I I I I 3.89E+# 

F V’T)U2\mesn 

ill% i 

lo:57 AM911 2195 

c 



Dose Calculations for Individual Contaminants - Mean Concentration 

Arsenic 

hake Intake from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Barium Prcdictcd 

Intake Intake from Intake Dermal Uptake Dietary Intake 

Weight From Food from Meat Vegetation from Water from Soil Soil 

uptake Fractional 

from Air Intake 

Fox\OU2heen lo:50 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentration Dose 

HSXd Hamd 

NOAEL Quotient MCX 

r0td I I I I I 4.62E-01 

rium HiVXKl HUUd 

Conccnrration Dose NOAEL Quotient IlldCX II 

soil 

Water 

Food 

lnbdation 

Au 

Dmnal 

soil 
A 

2.548+01 5.34Ea 5.06EM lJME+OO 

5.6OEM 4.71E-03 5.06E-02 9.30EM 

3.828-01 4.26E-05 5.06EM 8.41E-04 

0.00E+00 OBOE+00 5.06lw2 0.00E+OO 

0.00E+CQ O.CKlE+CM 5.06E-02 O.oOE+oO 

I I I I I l.lSE+OO 

F ‘- WS\mean 

ii ( 
10: 7 4M9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

kryllium Predlcled 

intake Intake from 

Weight From Food from Meal Vegetation from Water 

Intake 

From Food from Meat 

Intake from Intake Dmnal Uptake Dictvy Intake Fractional Absorption 

Fox\OUZ\mean lo:50 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

HiWKd HPraKl 

Concenltahon Dose NOAEL QU0thlt h&X 

admium HZl?Xd HUUd 

Concentration Dose NOAEL Quotient llldCX 

F “‘WZ\mean 

t 

10: 7 AM9/12/95 

i 



Dose Calculations for Individual Contaminants - Mean Concentration 

Intake Intake from Intake Dermal Uptake Dietary Intake 

Cobalt 

Fractional Absorption PI 

Food-veg 

Inhalation 

Air 

Dcrmal 

Soil 

5.1 IE43 O.OOE+OO 1 .CQE+oO l.OOE+OO O.OOE+OO 

O.WE+OO O.OOE+OO I .ODE+OO 1 .OOE+OO O.OOE+oO 

O.OOE+OO o.ooE+oo 1.ocm+00 1 .OOE41 O.OOE+fXJ 

Fox\OUZhean lo:50 AM911 2195 





Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Fox\OU2hean lo:50 AM9112195 



Dose Calculations for Individual Contaminants - Mean Concentration 

II 
Copper 

Concentration Dose NOAEL 

Hazard 

Quotient 

Concennarion 

Damal 

soil O.OOE+W 0.00E+00 8.ooE-01 O.OOE+W 

Total l.llE42 

F “‘C)U2\mean 

Q 

lo:57 AM911 2195 

t ’ 



Dose Calculations for Individual Contaminants - Mean Concentration 

Manganese 

Fractional Absorption Pr 

Uercury 

Predicted Intake 

From Food from Meat 

hake from hake Demd Uptake Dietary Intake uptake Fractional Absorption 

Fox\OU2\marn lo:50 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Hanganesc 

Concentration Dose 

HaZXd HaZdrd 

NOAEL Quotient MCX 

r0td I I I I I 1.41EM 

F “I W2\mean 

Q 

ucrcury Ha7Atd Hazard 
Conccntntion Dose NOAEL Quotient lDllCX 

r0td I I I I I 8.75fZ-04 

10: 7 9M9/12/95 

Q 



Dose Calculations for Individual Contaminants - Mean Concentration 

Nickel 

Predicted Intake 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Predicted Intake from Intake Dcrmal Uptake Dietary Intake uptake Fractional Absorption 

c 

Fox\OU2\maan 
lo:50 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

/I Nickel Ha?IWd Ha?Xld 

Concenrrarion Dose NOAEL Quotient IIXJCX 

Hluld 

Concentration 

I I I I 
Otd I I I I I 3.4OE-02 

F V’W2\mean 

t I 
lo:57 AM911 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from Intake Dcrmal Uptake Dietary hake Fractional Absorption 

Vanadium 

Fractional Absorption Pr 

Fox\OUZLnaan lo:50 AM911 2195 





Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted 

From Food from Meat 

roluenc 

Predicted Intake Intake from Intake Dertnal Uptake Dietary Intake 

Concent. Weight From Food from Meat Vegetation from Water from Soil Soil 

Fractional Absorption 

Fox\OUZ\maan lo:50 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

HaZSJd HaZXd 

Conccntraann Dose NOAEL Quotient ltt&X 

Hazard HlI?%d 

NOAEL Quotient ID&X 

F *” TfZ\mean 

Q 

lo:67 AM911 2195 

1 



Dose Calculations for Individual Contaminants - Mean Concentration 

Fractional Absarprion P 

Predicted 

Concent. 

Intake Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat Vegetation from Water from Soil 

Fox\OUZ\mean 1050 AM9112195 



Dose Calculations for Individual Contaminants - Mean Concentration 

HazPfd 

Conccntrarron lll&X 

Hmrd Hs?Xd 

NOAEL Quotient IIMlCX 

- W.l9/12/95 



Dose Cslculations for Individual Contaminants - Mean Concentration 

Predicted Fractional Absorption 

Flouranthene 

Predicted Fractional Absorption PI 

Fox\OUlhean lo:50 AM9112195 



Dose Calculations for Individual Contaminants - Mean Concentration 

II Di-N-octylphthalatc 

Concentration 

Ha?Xd Hazard 

Dose NOAEL Quotient ItldCX II 

lngestion 

Soil 

Water 

Food 

Inhalation 

Air 

6.708-02 1.4lE-04 5.50E+Ol 2.568-06 

O.OOE+fKl O.OOE+OO 5.50E+Ol O.oOE+oO 

6.238+01 1.32E-92 5.50E+Ol 2.39894 

OBOE+00 O.CQE+OO 5.50E+Ol O.OOE+OO 

DCrIttaf 

Soil O.OOE+CKl O.OOE+fKt 5.50E+Ol OBOE+00 

Total 2.42EW 
h 

II 

Fioulanthenc HPzard HaZard 

Concentration Dose NOAEL Quotient MCX 

I I I I I 4.65E-05 II 

F ‘“YJP\mean 

it ( 
10: 7 AM911 2195 

l 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake from Intake Derrnai Uptake Dietary Intake Fractional Absorption 

Predicted Intake hake from Imske Dermal Uptake Dietary Intake Fractional Absorption Predicted 

OBOE+00 Conccnr. Weight From Food from Meat Vegetation from Water from Soil Soil Air Intake Fraction 
-I 

ngeation 

Soil 

Water 

Food-an. 

Food-vcg. 

nhalation 

Air 

krmal 

Soil 

O.OOE+OC 

O.OOE+OC 

O.OOE+OC 

O.OOE+OC 

O.OOE+CK 

O.OOE+OC 

mglkglday mglkglday mg/kg/day mgtkglday mgltglday mgkglday 

! ! ! I ! ! 
O.tXlE+OO l.oOE+fM 

0.ooB+oo l.OOE+OO 

O.OOE+OO l.OOB+Oa 

I O.OOE+CKI1 I I I 1 l.OOE+OO 
I I I 

O.tME+OO l.OOE+OC 

o.txm+oo l.OOE+OC 

l.OOE+OO~ O.OOB+OO 
I 

10:50 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

O.OOE+OO 

Concentration 

F 1J2\meen - vvl9/12/95 





Dose Calculations for individual Contaminants - Mean Concentration 

Concentration 

soil O.OOE+OO O.OOE+OO 8.OOEM OBOE+00 

Total 7.26E-04 

H& Huud 

Concentration Dose NOAEL Quotient IIXICX 

F 

? 

‘?12\mean 11: * \M9/12/95 

1, 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

I 

AIpha-Chlordane 

Predicted 

Concent. Weight 

Intake 

From Food from Meat 

Intake from Iotxke Dermal Uptake Dietary Intake uptake Fractional Absorption 

FOX\OUZLnean 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

HZiZ3ld HazpKl 

NOAEL Quotient IIldCX 

Hazard HWXld 

Concentration Dose NOAEL QU0titIlt It&X 

F 1 4M9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Amclor 1254 

Predicted 

Concenl. Weight From Food from Meat V 

Fractional Absorption F’r 

Predicted Intake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Almrption Predicted I 
Aroclor 1260 Concent. Weight From Food from Meat Vegetation from Water from Soil Soil from Air Fraction --=-I m lk da 

FOX\OU2bnern 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Amclor 1254 Ha2M-d Huard 

Concentration Dose NOAJZL Quotient ID&X 

II fngcstion I I I I I 
soil 2.808-021 5.89E-051 1.35EJIZj 4.36EXI3 

Water 

FOOd 

Inhalation 

Air 

O.OOE+LN O.OOE+fXl I .35E-O2 o.aE+Ml 

2.728-05 9.85847 1.35E-02 7.30E05 

O.OOE+fXl OBOE+00 1.35EM O.OOE+CKl 

O.OOE+OO O.OOE+OO 1.35842 O.OOE+W 

Otd IF I I I I I 4.43E-03 

II 

Aroclor 1260 HaZNd Hlurd 

Concentration Dose NOAEL Quotient IiKlCX 

soil 
r 

O.OOE+CKl OBOE+00 1.35EM O.flfJE+@l 

Total 1.97E-01 4 

F 

Q 

‘UZ\mean _ 2M9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdictcd hake Intake from Intake Dcrmal Uptake Dietary hake Fractional Absorption 

From Food from Meat 

FOX\OUZ\mean 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Conccnhation 

F 

ii 

.’ VZ\mean 11: fi 4M9/12/95 

I 



Dose Calculations for Individual Contaminants - Mean Concentration 

Endrin aldchydc 

Ingestion 

Soil 

Water 

Food-all. 

Fadvcg. 

Inhalation 

Air 

Predicted 

Conccnt. Weight From Food 

kg mg/day 

4.82E+OO 3.628+03 

I .07B62 

O.OOE +@I 

6.71846 

2.56E-04 

O.OOE +OO 

Soil 1 O.OOE+OOj I 

Intake Intake from 

Hcptachlor 

Prcdictcd 

Conccnt. Weight 

Intake 

From Fcmd from Meat 

Intake from 

Vegetation 

Intake Dcrmal Uptake Dietary Intake uptake Fractional Absorption Prcdicted 

from Water from Soil Soil from Air IlltiC Fraction Doac 
I 

Air 

3cmNl 

Soil 

0.ooE+oo O.OOE+lW 1.OOE+OC 

OBOE+00 O.OOE+OO 1 .OOE+OC 

FOYJOUZ\mean 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

II Endrin aldchyde HaZXd Hd 

Concentration Dose NOAEL Quotient IIKICX 

Ingestion 

Soil 

Water 

Food 

I .07EM 2.258-05 9.00Ea3 2.50803 

O.OOE+OO O.KIE+Cml 9.OOEa3 OBOE+00 

2.63EW 4.9OE-07 9.OOE-03 5 ME-05 

nhalation I I 
Air O.OOE+OO OBOE+001 9.OOE-03 1 O.WE+OO 

)ermnl 

soil O.OOE+00 O.@IE+OO 9.OOE-03 O.tXE+OO 

rotai 
I I I I I 

I 2.55803 

Hmrd Hunrd 

NOAEL Quotient llKlCX 

F 

91 

YlZhean ll:ld 4M9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

I 

GammaChlordane 

Fractional Absorption FV 

Prcdickd 

Conccm. Weight 

Intake 

From Food from Meat 

hake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

FOX\OU2bnern 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Gamma-Chlordanc 

BCIIZCIIC 

ingestion 

soil 

Water 

Food 

Concentration Dose 

mglkg mglkgday 

O.OOE+00 OBOE+00 

I .OOE43 8.403-05 

O.OOE+OO 0.00E+00 

NOAEL 

2.63E+OO 

2.63E+OO 

2.63EtOO 

Hazard 

Quotient 

0.00E+00 

3.19E-05 

O.CKJE+oO 

Air O.OOE+CKI O.OOEtoO 2.63Et00 OBOE+00 

Dmml 

soil O.OOEt00 0.00Et00 2.63Bt00 O.oOE+oO 

I I I I I 
Otd I I I I I 3.19E-05 

F 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted 

FOX\OUZhean 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Bis(2-cthylhexyl)phthalate 

Concentration 

F “‘WS\meen 

Q 

11: 1 A AM911 2195 

c 



Dose Calculations for Individual Contaminants - Mean Concentration 

is-l ,2-Dichloroethane is-l ,2-Dichloroethane 

Predicted Predicted Intake Intake 

From Food from Meat From Food from Meat 

Intake from Intake from Intake Intake Dermal Uptake Dietary Intake Dermal Uptake Dietary Intake Fractional Absorption Fractional Absorption 

Food-w& 

nhalation 

Air 

O.OOE+OO O.CQE+CKl l.OOE+OO l.OOE+fNl O.OOEtOO 

O.COE+OO O.OOE+OO l.OOE+OO l.OOE+00 O.OOE+OO 

Soil 1 O.OOE+OO1 I I I I 1 O.OOE+OO) I 1 l.OOE+OO~ I.OOE-01) O.OOE+OO 

Prediclcd Intake 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

FOX\OU2!mesn 11:05 AM911 2/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Cis-I .2-Dichlorocthanc HmtKl Hti 

Concentration Dose NOAEL Quotient IlXiCX 

H3VXtd H&ZdKl 

Concentration Dose NOAEL Quotient h&X 

F Y’3U2\mean 

Q 

ll:la AM9112195 

( 



Dose Calculations for lndwidual Contaminants - Mean Concentration 

Aldrin 

Ingestion 

Soil 

Predicted hake Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption Predictal 

Conccnr Weight From Food from Meat Vegetation from Water from Soil Soil Air Intake Fraction Dose 

kg mglday mglkglday mglkglday mglkglday mglkglday mgRg/day mgRg/day mgllrgday 

I 4 82E+OO 3.62E+Os I I I I I 
1 OOOE+OOl I O.OOE+OO] 1 l.OOEtOO l.OOEtOO O.OOE+O( 

lo l.OOEtOO 8.4OExN 

1 O.OOEtOOl I I I O.OOE+OO1 I I I 1 l.OOEtOO~ l.OOE+OO 

1 .OOE+OO 

Endrin 

Predicted 

Concenr. Weight 

Intake 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake 

Food-veg. 

hhalation 

Air 

hmal 

Soil 

O.OOEtOO O.tXE+OO 1 .OOE+OO 1 .OOE+OO O.OOE+00 

O.OOE+OO O.OOE+OO I .OOE+OO l.OOE03 O.OOE+OO 

FOX\OU2bnssn 11:05 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentration 

t&in Hd Hwrd 

Concentration Dose NOAJZL Quotient ItldCX II 
mglkg mglkgday 

F rJP\mesn - ‘M9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predlctcd lntakc 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Heptachlor Epoxide 

Predicted 

Conccnt Weight 

Intake 

From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption 

from Water from Soil 

FOX\OUZLnsan 11:05 AM90 2/95 





Dose Calculations for Individual Contaminants - Mean Concentration 

lethylenc chloride 

Predicted 

Concern Weight 

Intake Intake from 

From Food from Meal Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption Predictal 

from Water from Soil Soil Air Intake Fraction Dose 

ballium 

Predicted 

Concent Weight 

Intake 

From Fond from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption Frtdicted 

fhm Water from Soil Soil Air Intake Fraction Dose 

Soil O.C@EtOO O.tXlE+OO 1.09EtCUt 1.09E01 0.9OEtC 

FOX\OU2\mean 11:05 AM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Methylene chloride 

Concentration 

1l:lA AM9112195 

I 



DOSE CALCULATIONS FOR RED FOX 

MAXIMUM CONCENTRATION 



RISK ASSESSMENT SPREADSHEET - INGESTION OF SChL 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

ou2 lo:27 AM9/12/96 



RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

lo:27 AM911 2195 



II RISK ASSESSMENT SPREADSHEET - INGESTION OF FOOD 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED FOX 

I 
CHEMICAL HAZARD QUOTIEti 

46E-02 ]I Ahunitmm 

It 
I I I 3. 

Antimony 3.91E-02 

I 

Lindane O.OOE+OO 
Heptachlor Epoxide O.OOE+OO 
Methylene chloride 1.03E48 
Thallium 3.20E+OO 

IP OTAL 3.65E+OO 
II 

ou2 lo:27 AM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Intake 

From Food from Meat 

Intake from Intake Demml Uptake Dietary Intake Fractional Absorption 

Intake Intake from Dermd Uptake Dietary Intake Fractional Absorption 

F ’ ^’ llhaximum 

PI 

11.7c 4M9/12/95 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Aluminum Hazard Hazard 

Concentration Dose NOAEL Quotient II&X 

lnnestion 

Soil I 1.30E+O4! 2.73E+Oll S.OOE+OO~ 5.47E+00 I 

Water 

Food 

4.95EOI 4.168-02 S.OOE+OO1 8.32843 I 

l.OEE+Ol 1.73Eal S.OOE+OO) 3.46Ea2 

Inhalation 

Air 

I I I I I 

O.M)E+OO O.OOE+001 5.OOE+OLI OBOE+00 

Soil I O.OOE+OOl O.OOE+OOl 5.OOE+CtOl O.OOE+OO I 

I I I I I 5JlE+OO 

Concentration Dose NOAEL Quotient IIldCX 

Fox\OU2Lnaxbnum 11~34 AM911 2195 



Dosa Calculations for Individual Contaminants - Maximum Concentration 

Intake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

F 

t 

‘2\maximum ll.“- rM9/12/95 

c 



Dose Calculations for Individual Contaminants - Maximum Concentration 

scnic 

Conccntralion Dose NOAEL 

Hazard 

Quotient 

Hazard 

Ill&X 

Barium 

Concentration NOAEL 

Hazard 

Quotient Index 

Fox\OUZ\maximum 11~34 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

kryllium Predicted 

Intake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Food from Meat 

Zadmium 

Intake 

From Food from Meat 

Intake from Dcrmal Uptake Dietary Intake uptake Fractional Absorption 

F 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Seryllium 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IIXICX 

3admium 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Fox\OUPbnsximum 11134 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Chromium Predicted 

Intake Inlake from hake Dermal Uptake Dietary Intake Uptake Fractional Absorption Predictal 

Weight From Fond from Meat Vegetation from Water from Soil Soil from Air Imake Fraction Dose 

Food-veg. 

hhalation 

Air 

bmsl 

Soil 

2.30EOI O.OOE+OO I .OOE+OO l.C0E+00 O.CQE+O( 

OBOE+00 O.OOE+OO 1 .OOE+CNI l.OOE+OO O.OOE+O( 

O.C@E+OO O.OOE+OO l.OOE+OO 1 .OOEOl O.OOE+M: 

:obalt 

Predicted Intake 

From Food from Meat 

Intake from Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Fo 

c 

- ‘~2haxknum 

3 

c = AU911 2195 



Dose Calculations for individual Contaminants - Maximum Concentration 

Ihromium 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Ill&X 

Cobalt 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Fox\OU2haximum 11:34 AM911 2195 



Doss Calculations for Individual Contaminants - Maximum Concentration 

opper 

Predicted Intake Intake from Intake Dermal Uptake Dietary Make Uptake Fractional Absorption 

Conccnt. Weight From Fond from Meat Vegetation from Water from Soil Soil from Air lntske Fraction 

b gestion 

I kg mglday mglkglday mglkglday mgltglday mglkglday mglkglday mglkglday nlgikgdsy 

4.828+00 3.628+05 I I I I I I I I 
Soil 5.08E+ol I I 1 l.t37FZll 1 l.OOE+OOj I.OOE+OO~ 1.0x 

Water 

Food-an. 

Food-vcg. 

9.30843 l.glE-04 l.OOE+OO 1 .OOE+00 7.81E-04 

3.40EXtl 2.48842 1.OOE+OO 1 .OOE+OO 2.48EM 

1.27E+Ol O.OOE+OO l.oOE+oo l.OOE+OO O.OOE+oO 

Lead 

Predicted 

Concent. 

Intake Intake from xntake Dermal Uptake Dietary Intake 

Weight From Food from Meat Vegetation from Water from Soil 

Malation 

Air 

Dermsl 

Soil 

O.OOE+OO O.OOE+OO l.OOE+OO l.OOE+OO O.OOE+OO 

OBOE +00 O.OOE+OO 1 .OOE+OO l.OOEXt2 O.OOE+OO 

n’ r2Vrraximum 

(c 
fi AM90 2/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Zoppcr 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Ill&X 

hgcstion 

Soil 

Water 

Food 

mgkg 

S.OgE+Ol 

9.30843 

I .30E+Ol 

mg/kgday 

I .07E-O1 

7.81EW 

2.48Ea2 

I 
O.OOE+OO I 

hhalation 

Air 

Rllllal 

Soil 

r0t.d 

OBOE+00 O.OOE+OO 6.6oE+Oc 

O.OOE+OO O.OOE+OO 6.6OE+Oc O.OOE+OO I 
I 
I 2.OIEa2 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Fox\OU2haximum 11~34 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Manganese 

Predicted 

Concenr 

Intake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Fond from Mea! Vegelation from Water from Soil 

Predicted Intake 

From Food from Meal 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Fo )n( I2\maximum 

i c 11: fi AM9/12/95 

( 





Dose Calculations for Individual Contaminants - Maximum Concentration 

Nickel 

Predicted Intake 

From Food from Meat 

Intake from lntske Dermal Uptake Dietary Intake uptake Fractional Absorption 

Predicted Intake Intake from Dermd Uptake Dietary Intake Uptske Fractional Absorption 

F 

t 

‘Zhsximum 1 

Y 

l M9/1 2195 
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Dose Calculations for Individual Contaminants - Maximum Concentration 

.4’-DDD 

Concentration NOAEL 

Hazard Hazard 

Quotient IIldCX I 

I I I I 
Total I 1.3lE-03 

Concentration 

FOX\OU2hsximum 11140 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

,4’-DDT 

Predicted 

Concent. Weight 

Intake Intake from 

From Food from Meat Vegetation 

Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

from Water from Soil Soil from Air Intake Fraction 

l.OOE+OO l.ODE+OO 7.36E-05 

l.OOE+OO 1 .ooE+oo 2.44EJ0 

l.OOE+oO l.OOE+OO 9.51Efi 

I .OOE+OO l.tME+OO O.OOE+OO 

Predicted hake 

From Food from Meal 

Intake from Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Lnhslation 

Air 

tklmal 

Soil 

O.OOE+OO OJME+OO l.tME+OO l.OOE+OO OBOE+00 

OBOE+00 O.OOE+OO l.OOE+OO 1 .OOE-Ol O.oOE+OO 

FO 

c 

“l2\maximum 

I 
11 :qe AM911 2195 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

l,4'-DDT 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

lOdCX 

Upha-Chlordane 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

MCX 

1130 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

hclor 1254 

Predicted 

Concent. Weight 

Intake 

From Food from Meat 

Intake from Intake Dcrmal Uptake Diem Intake Uptake Fractional Absorption 

Aroclor 1260 

Predicted 

Concent. Weight 

Intake 

From Food from Meal 

Intake from Dermal Uptake Dietary Intake Uptake Fractional Absorption 

FO 

c 

“12Vnaximum - 4M9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

NOAEL 

Hazard 

Quotient 

Hazard 

IJXICX 

FOX\OU2\mrximum 11:40 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Dieldrin 

Predicted 

Concenr. Weight 

Intake 

From Food from Mea1 

intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

from Waler from Soil 

Endosulfan I 

Predicted 

Concent. Weight 

lotskc 

From Food from Meat 

Intake from Intake Dcmud Uptake Dietary Intake uptake Fractional Absorption 

FO fiU2bnaxbnum 

c C 
11:3R AM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ieldrin 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

II&X I 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IOdCX 

FOX\OU2bneximum 11~40 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Et&in aldehyde 

Predicted 

Concent. Weight 

Intake 

From Food from Meal 

Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

(cptachlor 

Predicted 

Concent. Weight 

Intake 

From Food from Meat 

hake ftom 

Vegetation 

Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

from Water 

F “12\meximum 11 .r)n 4M9/12/95 

d 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ndrin aldehyde 

Concentration NOAEL 

Hazard Hazard 

Quotient Index 

Otal I I I I I 6.48Ea 
I 

P eptachlor 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IttdCX I 

FOX\OUZ\maximum 11~40 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted Intake 

From Food from Meat 

Intake from Intake Dertnal Uptake Dietary hake 

Predicted Intake 

From Food from Meal 

Intake from Detmal Uptake Dietary Intake uptake Fractional Absorption 

Food-veg. 

hhalation 

Air 

kmlal 

Soil 

O.OOE+OO O.OOE+OO 1 .OOE+CKl lLWE+OO OBOE+00 

0.OOE+OO O.OOE+OO l.OOE+OO l.OOE+OO o.ooE+oo 

O.OOE+OO O.OOE+Nl l.OOE+OO 1 .OOE42 OBOE+00 

F ‘~JZLnrximum 1 



Dose Calculations for Individual Contaminants - Msximum Concentration 

n m-Chlordane 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

II&X 

Soil I OBOE+001 O.OOE+OOj 4.58E-011 OBOE+00 I 
I I I I I I I I 

I I I I 1.49EM 

1 Soil I O.OOE+OO1 O.OOE+OOl 2.63E+OOl O.OOE+OO I I 

FOX\OU2Lnaximum 11~40 AM911 2195 



Dose Calculations for lndividuel Contaminants - Maximum Concentration 

Bis(2clhylhexyl)phthalare 

Predicted Intake 

From Food from Meat 

intake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

Predicted Intake 

From Food from Meat 

Intake from Dermal Uptake Dietary Intake Uptake Fractional Absorption 

F ’ IlVnsximum 

I 

n 9M9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

is(2-ethyIhcxyl)phthalate 

Concentration Dose NOAEL 

Hazard 

Quotient 

Ibard 

l&X I 

Ingestion 

mglkg mglkgday 

! ! ! I I 
Soil O.OOE+OO~ O.OOE+OO~ 1.83E+OOl O.OOE+OO ! I 
Water 

Food 

inhalation 

6.OOE43 5.04E44 1.83E+OO 2.75844 

O.C@E+OO O.OOE+OO 1.83E+OO O.OOE+OO 

loroberuene 

ngestion 

Soil 

Hazard Hazard 

Concentration Dose NOAEL Quotient llMJCX I 
mg/kg mglkgday 

I I I I I 
OBOE+001 O.OOE+OO~ 2.73B-021 0.OOE+OO 

Water 

Food 

I I .OOE42I RAOEMI 2.73E42l 3.08EM I 
O.OOE+OO~ O.OOE+OO~ 2.73342 1 O.OOE+OO 

nhalation 

Air 
I I I I I 

O.OOE+OOj O.OOE+001 2.73EMI 0.ooE+oo 

Soil I OBOE+001 O.OOE+OOl 2.73E42)21 O.OOE+oO I I I I 

FOX\OU2haxhum 11~40 AM911 2195 



Dose Calculations for individual Contaminants - Maximum Concentration 

%-I .2-Dichloroethanc 

Predicted Intake 

From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Predicted Intake 

From Food from Meat 

Intake from Dmnai Uptake Dietary Intake Fractional Absorption 

- t2beximum 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Cis-1.2-Dichlorocthane 

Concenrration Dose NOAEL 

Hazard 

Quolient 

Hazard 

MCX 

inyl Chloride 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IOdCX I 

Soil 

Waler 

Food 

OBOE +OO O.OOE+OO 1.7oE-02 O.OOE+OO 

I .OOE~3 8.408~5 1.70E-02 4.94843 

O.lMJE+OO O.OOE+OO 1.70EM O.OOE+OO 

klllal 

Soil 0.00E+OO o.ooE+oo 1.7OE62 O.OOE+OO 
A 

r0tri I I I I I 4.94EJI3 Y 

FOX\OUZ\maximum 11~40 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Aidrin 

Predicted Fractional Absorption 

Predicted 

Conccnr. Weight 

hake 

From Fond from Meat 

Intake from 

Vegetation 

Make Dcrmai Uptake Dietary Intake Fractional 

from Water from Soil Soil Air Intake 

Inhalation 

Air 

Dmmal 

Soil 

O.OOE+OO O.OOE+OO l.OOE+OC 

O.OOE+OO O.OOE+OO l.oOE+o( 

FO flUZ\maximum 

c 

11: 

i 

n %49/l 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Udrin 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IOdCX 

hdrin 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IlldCX 

FOX\OU2haximum 11:40 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Lindane 

Predicted 

Concenr. Weight 

intake Intake from 

From Food from Ma Vegetation 

Intake Dcrmai Uptake Dietary Intake 

from Water from Soil Soil Air 

Predicted 

Concent. Weight 

Intake 

From Food from Meat 

Intake from 

Vegetation 

1 Soil 1 O.OOE+OO1 I I I 

Intake 

from Water 

mglkglday 

1 hOE47 

Dcrmal Uptake Dietary Intake 

from Soil Soil 

mglkglday mgza j 

I I I 
1 l.OOE+OOl l.OOE.O2l O.OOE+oO 

FO ‘XJ2Lnaximum 

c 

11:3R AM9/12195 

I 



Dose Calculations for Individual Contaminants - Maximum Concentration 

indanc 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

MtZX I 

I I I I I 
Tolal 1.26E-05 

Heptachlor Epoxide 

Concentration NOAEL 

Hazard 

Quotient 

Haxard 

Illllex 

FOX\OU2\maximum 11~40 AM9/12/95 



Dose Calculetions for Individual Contaminants - Maximum Concentration 

Predicted Intake 

From Food from Meat 

Intake from Intake Dcrmai Uptake Dietary Intake Fractional Absorption Pr 

lhaliium 

Predicted 

Concent. Weight 

hake 

From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption 

from Water from Soil Soil Air hate Fraction 

nhalation 

Air 

wmal 

Soil 

O.OOE+OO O.OOE+OO l.OOE+OO l.OOE+OO 

O.OOE+OO O.OOE+OO 1.OOE+OO 1 .OOE01 

F v’YJ2\msximum 

4 

11 *?Q AM911 2195 

1; 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

ItldCX 

allium 

Concentration DOW NOAEL 

Hazard 

Quotient 

Hazard 

IINICX I 

FOXIOU2haximum 11~40 AM911 2195 





DOSE CALCULATIONS FOR RED-TAILED HAWK 

MEAN CONCENTRATION 



Deriving Wildlife NOAEL Values from Laboratory Data 

Contaminant 
Lab Test Estimated Wild- I Results I Endpoint Scaling Factor life NOAEL II 

Heptachlor Rat 

Gamma-Chlordane Red-winged b-bir 

Benzene Mouse 

8.OOE-01 Red-Tailed Hawk I .OOE-02 8 .OOE-03 

?.14E+OO Red-Tailed Hawk 1 .oOE-O2 2.14E-02 

2.63E+02 Red-Tailed Hawk I .OOE-03 2.63E-01 

Bis(2-ethylhexyl)phthalate Ring Dove l.llE+Ml Red-Tailed Hawk 1 .OOE-0 I l.llE-01 
Chlorobcnzene Beagle 2.73E+Ol Red-Tailed Hawk I XtOE-04 2.73E-03 

Cis- I .2-Dichloroethane MOUSC. 452E+O2 Red-Tailed Hawk 1 .OOE-O4 4.526-02 

Vinyl Chloride 

Aldrin 

Endrin 

Lindane 

Heptachlor Epoxide 

Rat 

Red-winged h-hir 

Mallard Duck 

Mallard Duck 

Beagle 

I .70E+OO Red-Tailed Hawk 1 .OOE-03 1.70E-03 

2.OOE-01 Red-Tailed Hawk 1 .OOE-0 I 2.OOE-02 

3.OO.E-01 Red-Tailed Hawk 1 .OOE-01 3 .OOE-02 

2.OOE+OI Red-Tailed Hawk I .OOE-0 I 2.OOE+OO 

Z.QOE-01 Red-Tailed Hawk 1 XtOE-03 2.OOE-05 

Methylene Chloride 

Thallium 

IRat 

IRat 

1 5.85E+OO IRed-Tailed Hawk ] l.OOE-03 1 

1 7.40E-01 IRed-Tailed Hawk ] l.OOE-04 1 

5.85E-03 

7.40E-05 

ou2 2:37 PM9l7/96 



SMENT SPREADSHEET - INGESTION OF SOIL 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED-TAILED HAWK 

I1 Antimony I I 3.688+01 I 
, 

/Barium I I 2.44E-01 
.-- -- 

II Chromium I I I 6.52E-02 
^ -^- ^_ 

I I I 7.17E-03 
1 S2E-01 

I ^ --- ^_ 

MWCII~ 
Nickel 

I 1 l.l3E+OO 
I 5.68E43 

--- -- 

]]Manganese I I I Y .2ulHJ~ 

II Selenium 
Silver 

II Vanadium 
]]Zinc 

IP oluene 
]]Xylene 

I I I 4 .Yw-uz 
] 2.32E+OO 

I I 1.72E01 ! 
I ] ! 

- --- -_ 
2.7YE41 

! ! I 1.67FGO5 I 3.59E44 

Aroclor 1260 3.07842 
Dieldnn 1.30E-01 
Endosulfan I 9.408-06 

II Endnn aldehyde ! 2.33E-02 II 
kamma-Chlordane I -7 
]]Heptachlor I 5.OOE44 

1.87E-03 
I I OBOE+00 
I 0 ooE+oo 

Chlorobenzene 
CIS- 1.2-Dichloroethane 
Vinyl Chloride 
Aldrin 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

ou2 

V' 

lo:27 AM911 2196 



RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED-TAILED HAWK 

CHEMICAL HAZARD QUOTIEfJT 
4 

Vanadium 
zinc 

Toluene 
Xylene 

1.13E-03 V 

1 B9E-02 
O.OOE+OO 
5 A6E-03 

O.OOE+OO 
Di-N-octylphthalate O.OOE+OO 
Flouranthene O.OOE+OO 
Pyrene O.OOE+OO 
4.4’-DDD 5.62E-02 
4,4,-DDE O.OOE+OO 
4,4’-DDT 5.82E-01 
Aloha-Chlordane O.OOE+OO 
Aroclor 1254 
Aroclor 1260 
Dieldrin 
Endosulfan I 

O.OOE+OO 
O.OOE+OO 
7.31E-02 
O.OOE+OO 

IlEndrin aldehvde I I ~~~ 1 O.OOE+OO 
Heptachlor 
Gamma-Chlordane 

I I I 9.14E-04 
] O.OOE+OO 

1-04 

I 
OTAL l.O4E+OO II 

II -1 

ou2 lo:27 AM911 2195 



RISK ASSESSMENT SPREADSHEET - INGESTION OF FOOD 

EXPOSURE SCENARIO: MEAN CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED-TAILED HAWK 

CHEMICAL HAZARD QUGTIl 
Aluminum 7.35E-03 
Antimony 3.35E-01 
AlWliC 1.32E-03 

II Barium ! ! I 2.74E-04 - 
]lBeryllium ! I 5.9OE-04 
Cadmium 
Chromium 
Cobalt 

2.13E-04 - 
1.45E-04 
2.16E-03 

Copper 
Lead 
Manganese 
Mercury 

2.35E-03 
4.17E-04 
4.15E-04 
8.33E-01 

Nickel 
Selenium 

I I I 4.21E-04 
6.3OE-03 ._- __ 

II Vanadium I I 2.67E-03 
pllC I I 1 2.87E+OO - 
Toluene 
Xylene 
Benxo(a)ovrenc 

3.39E-09 
8.82E-07 
9.98E-03 

Di-N-octylphthalate 
Flouranthene 

I 1 159E+OO 
l.SlE-05 

Alpha-Chlordane 
Aroclor 1254 
Aroclor 1260 

I 

Dieldrin 
Endosulfan I 

I 

6.49E-02 

3.99E-03 

3.23E-05 
4.37802 

1.14E-08 

Heptachior 

It Gamma-Chlordane 

II Benzene 

I I 2.32E-06 
I 3.06Eti 

O.OOE +oO I I _.___. -- 
Bis(2tthylhexyl)phthalate 
Chlorobenxene 
Cis-1.2-Dichloroethane 
Vinyl Chloride 
Aldrin 
Endrin 
Lindane 
Heptachlor Epoxide 
Methylene chloride 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.38E-07 

OTAL 2.97E+Ol [ 

I 

ou2 lo:27 AM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Aluminum 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

himony 

Predicted hake Intake from hake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

nhalation 

Air 

krmd 

Soil 

O.OOE+00 O.OOE+OO l.OOE+OO 1 .OOE+OO OBOE+00 

O.OOE +00 O.OOE+OO l.OOE+OO 1 .OOE-Ol OBOE+00 

HAWK\OUZhean 3:13 PM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentration 

timony 

Concentration NOAEL 

Hszsrd 

IIKICX I 

H WK\OU2hran 

Q 

.‘6 Ph49/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake hake from Intake Dermal Uptake Dietnry Intake Fractional Absorption 

Barium 

Predicted hake Intake from Fractional Absorption 

HAWK\OU2haan 3:13 PM9/12195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concsnwrtion 

arium 

Concentration 

Hazard 

Dose NOAEL Quotient INICX I 

Ingestion 

Soil 

Waur 

Food 

hhalation 

Air 

Demud 

Soil 

2.548+01 5.08E-02 2.09Eal 2.441341 

5.fXEM 3.15E-03 2.09E-01 1.51Ea2 

3.82E-01 5.71Ea5 2.09EJ31 2.74Ea 

O.OOE+OO o.ooE+oo 2.09Eal O.OOE+OO 

O.OOE +00 O.OOE+oO 2.09EAIl O.OOE+M) 

I I I I I 
t-Old 2.59E01 

Ii “‘Y\OU2hran 

Q I 
3*‘S PM9112195 

i 



Dose Calculations for Individual Contaminants - Mean Concentration 

kfyllium 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Imake Dcrmsl Uptake Dietary Intake Uptake Fractional Absorption 

Cadmium 

Predicted Intake from Dcrmal Uptake Dietary Intake uptake Fractional Absorption 

HAWK\OUPhaan 3:13 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Beryllium 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

h&X 

F admium 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

H 
QI 

“‘\OUZLnean 3." PM9/12195 

I 



Dose Calculations for Individual Contaminants - Mean Concentration 

Xromium 

Prcdiclcd Intake hake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

Weight From Food from Meat 

Predicted Intake Intake from Derrrd Uptake Dietary Intake Fraaional Absorption Predi 

HAWK\OUZhern 3:13 PM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

H ‘“‘~\OU2\mean 

l 

Chromium 

Concentration Dose NOAEL 

Haxanl 

Quotient 

Hazard 

lO&X 

Ingestion 

Soil 

Water 

Food 

Inhalation 

mgntg 

1.50E+Ol 

J.OOE-03 

6.82EJJ2 

mgllrgday 

3.00E-02 

2.81EJM 

6.688435 

4.6OEal 6.528-02 

4.6OEJA 6.11EM 

4.6OE-01 1.45E00 

Air 

Dennal 

Soil 

O.OOE+OO O.OOE+OO OBOE+00 

O.OOE+OO OBOE+00 4.6OE-01 O.OOE+OO 

I I I I I 6.6OEO2 

kbalt 

Concentration DOJC NOAEL 

r0td 
I I I I I 

9.52842 I 

I 
3.1s PM9112/95 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from Intake thmd Uptake Dietary Intake Fractional Absorption 

Fractional Absorption 

HAWK\OUPhean 3:13 PM9/12/95 



Dose Calculations for Individual Conteminants - Mean Concentration 

H ‘*‘~\OUZbnean 

l 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IIUICX I 

Concentration NOAEL Quotient 

Hazard 

I&X 
I 

Soil 

Water 

Food 

2.93E+Ol 5.86BiT.2 3.85E-01 1.52E01 

5.30EX13 2.98E-04 3.85EOl 1.74804 

2.65861 1.6lEu4 3.85E-01 4.17EJl4 

Air 

Dermd 

Soil 

O.OOE+OO O.OOE+OO 3.8SE-01 O.OOE+OO 

O.OOE+OO o.ooE+cm 3.85E01 O.OOE+OO 

r0td 
I I I I I 

I I I I I 1.53E01 

.‘$ PM9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

danganese 

Predicted 

Concent. 

Intake 

Weigh1 From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

from Water from Soil 

Mercury 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

from Water from Soil Soil from Air Intake Fraction 

HAWK\OUP\mean 3:13 PM9112195 



Dose Calculations for Individual Contaminants - Mean Concentration 

I I 
danganue Hazard Hazard 

Concentration Dose NOAEL Quotient Mu 

Hazard 

HI+WK\OU2hern 

c 

3:16 PM911 2195 

i 



Dose Calculations for Individual Contaminants - Mean Concentration 

Nickel 

Predicted hake Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Food from Meat 

nhalation 

Air 

)cllMl 

Soil 

O.OOE+OO O.OOE+OO l.tXIE+CKl l.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO l.OOE+OO 1 .OOE-ol O.OOE+tXI 

Predicted Intake Intake from Dernd Uptake Dietary Intake Fractional Absorption 

HAWK\OU2\mean 3:13 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Concentration 

elenium 

Concentration Dose NOAEL 

Hazard 

Qllotient 

sestion 

Soil 

Water 

Food 

nhalation 

Air 

)ermal 

Soil 

mglkg 

9.80E-01 

3.6OB03 

2.71EM 

0.cm+oa 

O.OOE+OO 

mglkgday 
I I I 

1 .%E-O3 4.OOE-02 4.9OEM 

2.02Ea 4.oOEXI2 5.061343 

2.52E-04 4.OOEAI2 6.30Ea3 

O.OOE+OO 4.008~ O.OOE+oO 

o.ooJ3+cm 4.OOE-02 OBOE+00 

3:16 PU9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Silver 

Predicted hake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

hhalation 

Air 

Demlal 

Soil 

O.OOE+OO O.OOE+OO l.OOE+OO l.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO l.oOE+OO 1 BOE-01 O.NIE+OO 

Predicted Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

nhalation 

Air 

htnd 

Soil 

OBOE +OO O.OOE+OO l.NIE+OO l.OOE+OO O.oOE+oO 

OBOE+00 o.om+lm l.OOE+OO 1 .OOEM O.OOE+OO 

HAWK\OU2bnean 3:13 PM9112195 



Dose Calculations for Individual Contaminants - Mean Concentration 

‘-‘v\OU2bnean 1 

Soil O.OOE+OO O.OOE+OO 1.81E-03 O.OOE+OO 

Total 2.44E+OO 

Concentration 

Soil O.OOE+OO O.OOE+oO 1.14Bxll OBOE +eOO 

Jotal 1.76E41 

.* q PM9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat 

Predicted Intake Intake from Dermal Uptake Dietary Intake Fractional Absorption 

HAWK\OUZhean 3: 13 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

I 
Zinc 

Concentration NOAFiL 

Hazard 

Quotienl 

I 
Hazard 

IdCX 

olucne 

Concentration Doss NOAEL 

Hazard 

Quotient III&X I 

gcstion 

Soil 

Water 

Food 

2.17E-02 4.34E-05 2.60E+00 1.67E-05 

O.OOE+OO 0.ooE+oo 2.6OE+iM O.OOE+OO 

2.14Ea3 8.82E#J 2.6OE+OO 3.398-09 

Inhalation 

Air 

DClllA 

Soil 

Total 

O.oOE+OO O.OOE+tXJ 2.6OE+Oo O.OOE+OO 

O.OOE+OO O.OOE+OO 2.6OE+OO OBOE+00 

1.671345 

H u’K\OU2hran 

I 

3;16 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted 

Concent. 

Inf.akc Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat 

HAWK\OUZLnean 3:13 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

r 

‘W\OU2bnrsn 7.16 PM9/12/95 

I 



Dose Calculations for Individual Contaminants - Mean Concentration 

nzo(a)pyrcne 

Predicted 

Concent. 

Intake Intake from 

Weight From Food From Meat Vegetation 

Intake Dcrmal Uptake Dietary Intake Fractional Absorption Predicted 

from Water From Soil Soil Air lntakc Fraction Dose I 

Di-N-octylphthalao 

Predicted Intake Intake from Intake Dcrmd Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat 

HAWK\OUZ\mean 3: 15 PM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

Benzo(a)pyrcne 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Di-N+ctylphthalatc 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

HAWK\OUZ\mean 

I 

3:18 PM911 2195 

I 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake InUke from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

Inhalation 

Air 

DCllMl 

Soil 

O.OOE+OO O.OOE+OO l.OOE+Ml 1 .OOE+OO O.OOE+OO 

O.OOEtOO O.tXIE+OO 1 .OOE+OO l.SOE-01 OBOE+00 

Predicted Intake hake from 

hhalation 

Air 

kma! 

Soil 

O.OOE+OO O.OOE+lM l.OOE+OO 1 .OOE+OO OBOE +OO 

O.OCJE+OO O.OOE+OO 1 .lWE+OO 1 .OOE-ol OBOE+00 

HAWK\OUlhesn 3:15 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

ouranthene 

Concentration Dose NOAEL Quotient 

Hazard 

Index I 

Soil 

Water 

Food 

2.70E-01 5.4OE-04 1.2SE+OO 4.32E-04 

O.OOE+OO O.OOE+OO 1.25E+OO O.OOE+OO 

6.47E63 1.89E-OS l.UE+OO 1 .SlEJIS 

Air O.OOE+OO] o.ool3+ool 1.25E+OO( OBOE+00 I 
hmal I 
Soil O.OOE +OO O.OOE+OO~ 1.2SE+OO O.OOE+OO 

I 

I I I I I 4.47E-04 
I 

rene 

Concentration Dose NOAEL 

Hazard 

Quotient Index I 

I I I I I 

H WK\OUZbnem 

2 

3:18 PM9/12/95 

( 



Dose Calculations for Individual Contaminants _ Mean Concentration 

.4’-DDD 

Prtdicred Intake ’ Intake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

Conccm Weight From Food from Meal Vegetation from Water from Soil Soil from Air Intake Fraction 

E .4’-DDE 

Predicted 

Conccnt. 

intake Intake from Intake Dcrtnal Uptake Dietary Intake Uptake Fractional Absorption Predicted 

Weight From Food from Meat Vegetation from Water from Soil Soil from Air Intake Fraction 
-I 

HAWK\OUZ\mean 3:21 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

.I’-DDD 

Conccntrarion Dose NOAEL 

Hazard 

Quotient 

Hazard 

II&X I 

Air OBOE+00 O.OOE +00 2.80E-OS o.ooE+oo 

Dcmlal 

Soil OBOE+00 O.OOE+OO 2.80Ea5 O.OOE+tXl 

I I I I I 
Old I I 2.04E+OO 

I 

H ‘^‘Y\OUZhan 

l 

Concentration 

3-r) PM911 2195 

c 



Dose Calculations for Individual Contaminants - Mean Concentration 

E ,4’-DDT 

Prcdicred 

Conccnl. 

Inlake 

Weight From Food from Meal 

Intake from 

Vegetation 

Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

from Water from Soil 

Predicted Intake 

Weight From Food from Meat 

Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

HAWK\OU2\mean 3:21 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

I.4’-DDT 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

LndCX 

phaChlordane 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IOdCX I 

ngcstion 

Soil 

Water 

FOOd 

nhalalion 

Air 

8.9OEXf3 1.788-05 2.148-02 8.32E-04 

OBOE +00 O.OOE+OO 2.14802 O.OOE+OO 

I .42802 1.39EdU 2.14E-02 6.49EM 

OBOE+00 O.OOE+iM 2.14EM O.OOE+OO 

Soil I O.OOE+OOl O.OOE+OO~ 2.14E-02~ O.oOE+OO I 
I I I I 

H wK\OU2hran 

l I 
3.W PM911 2195 

t‘ 



Dose Calculations for Individual Contaminants - Mean Concentration 

hclor 1254 

Predicted Intake 

From Food from Meal 

Intake from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Predicted Fractional Absorption 

HAWK\OUZhwn 3:21 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

r “‘K\OU2\mean 

Concentration 

Hazard &ward 

Concentration DOSC NOAEL 

Hazard 

Quotient 

Hazard 

Ill&X I 

Soil 

Water 

FWd 

6.30E01 I .26E.O3 4.10EU.Z 3.07E-02 

O.OOE+OO O.OOE+OO 4.1OE-02 O.OOE+OO 

2.47842 1.79803 4.10EU2 4.37E-02 

I I I I I 
OBOE+001 O.WE+OOl 4.lOEOZI O.OOE+OO 

Soil O.OOE+OO O.OOE+W 4.1OE-02 OBOE+00 

Total 7.4SEM 

=.-I PM9/12/95 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Xeldrin 

Predicted hake Intake from Fractional Absorption 

Fractional Absorption Pr 

HAWK\OUZ\mean 3:21 PM911 2195 



Dose Celculations for Individual Contaminants - Mean Concentration 

““Y\OU2hrsn 

r 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

It&X 

ndosulfan I 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IlldCX 

Ingestion 

Soil 

Water 

Food 

4.70E03 9.4OEa l.OOE+oO 9.4OEG 

O.OOE+OO OBOE+00 1.m?+OO O.OOE+OO 

2.49EM l.l4E+l8 l.OOE+OO 1.14E-08 

hhalation 

Air 
I I I I I 

O.OOE+OO~ O.OOE+OOl l.OOE+OOl O.OOE+00 
I 

klTMl 1 I I I 
O.OOE+OGl 

I 
Soil O.OOE+OO[ l.OOE+OO~ O.oOE+oO 

I I I 1 
I I I I I 

OUI 9.41Eti 

(. 



Dose Calculations for lndividuel Contaminants - Mean Concentration 

!&in aldchydc 

Predicted Intake lntakc from Intake Dermai Uptake Dietary Intake Uptake Fractional Absorption 

Jcptachlor 

Dcrmaf Uptske Dietary Intake Fractional Absorption 

HAWK\OlJZ\mesn 3:21 PM911 2195 



Dose Calculations for Individual Contaminants - Mean Concentration 

Endrin aldehyde 

Concentration NOAEL 

Hazard 

Quotient 

kptachlor 

Concentration NOAEL 

Hazard 

Quotient 

Y WK\OUZ\mssn 3~30 PM911 2195 

I 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdiclcd hake Intake from 

Prediclcd 

HAWK\OUShesn 3:21 PM911 2/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

H ~^‘~\OU2hean 

Q 

-Chlordane 

Concentration 

mglkg 

Dose 

m&day 

NOAEL 

Hazard 

Quotient 

Hazard 

IOdCX 

Ingestion 

Soil 

Waur 

Food 

t.OOEa2 4 .OOEOS 2.14E02 1.87Ea3 

O.OOE+OO O.OOE+OO 2.14E-02 O.ODE+OO 

3.94EW 6.54Ea 2.148-02 3.06EM 

hhalation 

Air 

hmal 

Soil 

rotid 

OBOE+00 O.OOE+OO 2.14EM O.OOE+OO 

O.OOE+W OBOE+00 2.14E-02 O.OOE+OO 

2.17E43 

Eknzenc 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IIKlex 

.?I) PM9/12195 1 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdicwd Intake lmake from 

Fractional Absorption Pr 

HAWK\OUZLnean 3:21 PM911 2195 



Dose Celculations for Individual Contaminants - Mean Concentration 

HAwK\OU2hran 

c 

is(2-cthylhcxyI)phthalate 

Concentration 

.vl PM9/12/95 9. 





Dose Calculations for Individual Conteminants - Mean Concentration 

Cis-1,2-Dichlorocthane 

lngalion 

Soil 

Water 

Food 

Wlalation 

Air 

Concentration 

mg/kg 

O.OOE+OO 

I BOE-03 

O.OOE+OO 

OBOE+00 

Dose 

mglkgday 

O.OOE+OO 

5.62845 

OBOE+00 

O.OOE+OO 

NOAEL 

4.52EXI2 

4.52Ea 

4.52E-02 

4.52EM 

Hazard 

Quotient 

OBOE+00 

I.24843 

O.OOE+OO 

O.OOE+OO 

Hazard 

IlldCX 

Soil I O.OOE+OO1 O.OOE+OO1 4.52E-021 O.OOE+OO I 

H wK\OU2bnesn 

t 

7.74 PM9/12/95 

t 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from 

Udrin 

Fractional Absorption Pr 

HAWK\OUZLnean 3:29 PM9/12/95 



Dose Cslculations for Individual Contaminants - Meen Concentration 

inyl Chloride 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

Soil OBOE+00 OBOE+00 1.70E43 O.OOE+OO 

WiWr I .OOE-O3 5.62845 1.70E43 3.318-02 

Food O.OOE+OO O.OOE+OO 1.70E43 O.COE+OO 

Air O.OOE+OO O.OOE+W 1.70E433 OBOE+00 

zhmnal 

Soil O.OOE+OO 0.ooE+oo 1.70E03 O.OOE+W 

.7.?4 PM9/12195 

t \ 



Dose Calculations for Individual Contaminants - Mean Concentration 

Prcdicled Intake Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

Lindanz 

hhalation 

Air 

Dcrmal 

Soil 

OBOE+00 o.OOE+OO l.OOE+OO l.OOE+OO O.OOE+~, 

O.OOE+OO O.OOE+oO l.OOE+OO 1 .OOEOZ O.OOE+Ml 

HAWK\OUSLnean 3:29 PM9/12/95 



Dose Calculations for Individual Contaminants - Mean Concentration 

H tNY\OU2hean 

l 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Lindane 

Concentration NOAEL 

Hazard Hazard 

IlldCX 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Fractional Absorption Pr 

Weight From Food from Meat V 

Predicted Make 

Weight From Food from Meal 

Intake from Intake Dermal Uptake Dietary bake Fractional Absorption 

HAWK\OU2Imean 3:29 PM911 2195 



Dose Celculations for Individual Contaminants - Mean Concentration 

Hcptachlor Epoaide 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

MCX 

Hethylene chloride 

Concentradon NOAEL 

Hazard 

Quotient 

Hazard 

hlCX 

-34 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Mean Concentration 

Predicted Intake Intake from Intake Dcrmal Uptake Dietary Intake Fractional Absorption 

HAWK\OU2!mesn 3:29 PM911 2195 





DOSE CALCULATIONS FOR RED-TAILED HAWK 

MAXIMUM CONCENTRATION 



RISK ASSESSMENT SPREADSHEET - INGESTION OF SOIL 

EXPGWRE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
~CEF’I’GR: BED-TAILED HAWK 

zinc 
Toluene 
Xylene 
Benzo(a)pyrene 

1.39E+OO ’ 
3.23E-05 
1.07E-03 
4.80E-02 

~6N-octvluhthalate I I I 1.21Ea2 11 
Flouranthene 
Pyrene 
A.4’-DDD 
.,. 1-1 
4.4’-DDT 
Alpha-Chlordane 

4.32E-04 
9.6OE-02 
3.07E+OO 
4.93E+OO 
250E+OO 
2.52EXt3 

Aroclor 1254 

it 
1 1.37E-03 

Amclor 1260 ! ! 3.07E-02 
IlDieldrin ! 2.30E-01 II 
Endosulfan 1 Ii Endrii aldehyde 

I 1.528-05 
1 5.87E-03 II 

Heptachior 
Gamma-Chlotdane 
Benzene 
Bis(2-ethylhexyI)phthalate 
Chlorobenzene 

I[Cis-1,2-Dichloroethane 
Vinyl Chloride 
Aldrin 
Endrin 
Lindane 
Hcptachlor Epoxide 
Methylene chloride 

5.OOE-04 
2.71E-03 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1 O.OOE+OO 11 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.10E-03 

lIThalIium I I I 1.81E+02 11 

I I I ~~~~ 
TOTAL 2.64E+02 

ou2 lo:27 AM911 2195 



II RISK ASSESSMENT SPREADSHEET - INGESTION OF WATER 

EXPOSURE SCENARIO: MAXtMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED-TAILED HAWK 

Xylene 5.46Eq3 
Benzo(a)pyrene O.OOE+OO 
Di-N-ocwlDhthalate O.OOE+OO 

IP 

I 
OTAL l.O4E+OO 

ou2 lo:27 AM911 2195 



RISK ASSESSMENT SPREADSHEET - INGESTION OF FOOD 

EXPOSURE SCENARIO: MAXIMUM CONCENTRATION FOR EACH CHEMICAL 
RECEPTOR: RED-TAILED HAWK 

ItSlIver 
Vanadium T ! I 6.58E-03 
zinc 

Toluene 
Xylene 
Benzo(a)pyrene 
IXN-m-tvlnhthalare 

1.43E+Ol 
6.57E-09 
2.62E-06 
9.98Ea3 
1.59E+OCI 

Pyrene 
4,4’-DDD 
4.4,-DDE 
4,4’-DDT 
Alpha-Chlordane 

8.57E-02 
5.73E-01 
5.68E-01 
4.56E-01 
1.97861 

Aroclor 1254 
Arwlnr 17fd-l 

I 3.23E-05 
I I A 17E-0’2 I 

I&&,:, *-“” I I I ..-.- -- 

I I I 7.07E-03 iI 
II-- .-. 

-. . . . 
Endosulfan I 

I 
I 1.85E-08 iI 

lylene chloride Meti 
Thallium 

TOTAL 

I 1.38E-07 
I 1 4.29E+Ol 

I I 
6.398+01 

ou2 lo:27 AM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Aluminum 

Predicted 

Conccnl. 

Intake 

Weigh1 From Food horn Meal 

Intake from 

Vegetation 

Intake Decal Uptake Dietary htake Uptake Fractional Absorption 

from Water from Soil 

Predicted Intake Intake from Intake Dennal Uptake Dietary Intake Fractional Absorption 

Inhalation 

Air 

Dermd 

soil 

O.OOE+CNl O.OOE+OO l.IXJE+OO l.OOE+OO OBOE+00 

O.OOE+OO o.ooE+oo l.OOEtOO 1 .OOE-Ol O.OOE+Wl 

H ~X\OUZ\mrximum 

2 

wa Pt49n 2195 

(. 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concenlration 

r0t.d 
I I I I I 

2.36EtOO 

timony 

Concentration Dose NOAEL 

Hazard 

Quotient index I 

Soil 

Water 

Food 

3.6OE+OO 7.20EM 1.25E44 5.76EtOl 

OBOE+00 OBOE+00 1.2SE-04 O.ooE+oo 

1.09E-01 6.568-05 1.2SEM 5.25E-01 

Den-nd 

Soil O.OOE 40 o.ool3+00 1.2SE-04 O.OOEtOO 

I I I I I 
Otd I I I I I 5.81EtOl 

HAWK\OU2haximum 3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

bsenic 

Predicfed 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

hake Dtrmal Uptake Dietary Intake uptake Fractional Absorption 

from Water from Soil 

Barium 

Predicted 

Concent. 

hake 

Weight From Food from Meat 

Intake from Dtrmal Uptake Dietary Intake uptake Fractional Absorption 

Ii “‘K\OU2\maximum 

l 

.A1 PM9/12/95 l 



Dose Calculations for Individual Contaminants - Maximum Concentretion 

Arsenic 

Concentration Dose NOAEL 

Haxard 

Quotient 

Hazard 

Index 

Barium 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IO&X 

HAWK\OU2haxhnum 3:59 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Beryllium 

Prcdiclcd 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

Predicrcd 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Intake Dtrmal Uptake Dietary Intake Fraaional Absorption 

HAWK\OU2\maximum 

I 

3:40 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

eryllium 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IO&X I 

Ingestion 

Soil 

Water 

Food 

2.80E41 

O.OOE+OO 

2.84E-03 

ShOE44 

OBOE+00 

3.9OE-06 

6.6OE-03 

6.60E43 

6.6OE4l3 

a.4aE+2 

OBOE+00 

5.9OE-04 

Air OBOE+001 O.OOE+OOl 6.6OE43j O.OOE+OO I 
Dermal 

Soil O.OOE +00 O.OOE+OO 6.6OE-03 OBOE+00 

rota1 I 8.54EM 
I 

kimium 

Concentration Dose NO&L 

Hazard 

Quotient 

Hazard 

MCX 

HAWK\OU2haximum 3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Chromium 

Dermal Uptake Dietary Intake Fractional Absorption 

Predicted 

Conccm. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

from Water from Soil 

l-l ~K\OUP\maximum c c 3:40 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

romium 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IIXICX I 

obalt 

Concentration NOAEL 
Hazard 

Quotient 

HaxarIl 

IOdCX I 

HAWK\OU2\maximum 3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Zapper 

Predicted 

Concent. 

Intske 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dennal Uptake Dietary Intake uptake Fractional Absorption 

from Water from Soil 

Predicted Intake 

From Food from Meal 

hate from Intake Dcrtnal Uptake Dietaty Intake uptake Fractional Absorption 

HLWK\OU2\maximum 

I 

3140 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

III&X 
I 

d 

Concentration NOAEL 

Hazard 

Quotient 

Htuard 

lOdCX I 

Soil O.OOE+OO 0.ooE+oo 3.85841 O.OOE+OO 

Total 3.99EOl 

3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Fractional Absorption Fr 

tiercury 

Predicted 

Conccnt. 

Intake Intake from 

Weight From Food From Meat Vegetation 

HAWK\OU2\maximum 

(I 

Intake Dermal Uptake 

from Water from Soil 

m&/day me/kg/day 

! 

Dietary Intake Uptake Fractional Absorption 

I 1 l.OOE+OO~ l.OOEWl O.OOE+OO~ 

3:49 PM911 2195 

t& 



Dose Calculations for Individual Contaminants - Maximum Concentration 

angancsc 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

II&X I 

crcuty 

Concentration Dose NOAEL 

Hazard 

Quotient IINICX 
I 

Soil 

Waler 

Food 

I .00E+OO 

O.OOE+OO 

2.15E-01 

2 .OOE-o3 

O.OOE+OO 

1.48E-03 

6.4OE-04 3.13E+OO 

6.4OEa 0.OOE+OO 

6.408-04 2.32E+OO 

Air I OBOE+001 o.oon+ool 6.4OE4 O.OOE+OO I 
kl-IlUl 

Soil OBOE +oO O.OOE+OO 6.4OE-04 O.OOE+OO 

r0ti 
I I I I I 
I I I 5.448+00 I 

HAWK\OU2\maximum 3:59 PM911 2195 
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Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration 

Concentration 

HAWK\OUZhaximum 3:59 PM911 2195 



Dose Celculations for Individual Contaminants - Meximum Concentration 

Predicted 

Concenr. 

Intake 

Weight From Food from Meal 

Make from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Vanadium 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

hake t?om 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption 

from Water from Soil 

H WK\OU2\maximum 

t 

3:49 PM911 2195 

(. 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ilver 

Concentration Dose NOAEIL 

Hazard 

Quotient 

Hazard 

Illdl?X I 

Soil O.OOE+OO O.OOE+OO 1.81E-03 O.OOE+OO 

Total 4.29E+OO 

anadium 

Concentration rhse NOAEL 

Hazard 

Quotient 

hgcstion 

Soil 

Water 

Food 

hhalation 

Air 

mg/kg mglkgday 

I I I I I 
2.42E+OI 1 4.848-021 1.148~11 4.25E-Ql 

2.30E-03 

a .03E-o2 

O.OOE+OO 

1.29E-M 1.14E61 1.13EM 

7.51E-04 I .14EJll 6.58Ea3 

o.ooE+lm 1.14Eal O.OOE+OO 

Lhxmal I I I I I 
Soil O.oOE+OO~ O.OOE+OO~ 1.14E011 0.00E-+00 

rotal I I I I I 4.32E-01 I 

HAWK\OUP\maximum 3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Intake Dcrml Uptake Dietary Intake Fractional Absorption 

Prcdictcd 

Concent. 

Intake 

Weight From Food from Meat 

hake from Damal Uptake Dietary Intake Fractional Absorption 

3.49 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

im 

Concentration DOSC NOAEL 

Hazard 

Quolient 

Hazard 

JOdCX 

Concentration NOAEL 

Hazard 

QU0tiHlt 
Hazard 

IIldCX I 

Soil O.OOE+OO O.OOE+OO 2.6oE+oo O.OOE+fNl 

Total 3.23895 

3:59 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Xylenc 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake Fractional Absorption Prediacd 

from Water from Soil Soil Air Intake Fraction Dose 

H wK\OUZLnaximum 

4 

3.48 PM9/12/95 

c ’ 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ylene 

Concentration Dose NOAEL 
Hazard 

Quotient 

HAWK\OU2haximum 3:59 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted hake 

Weight From Food from Meat 

Intake from Dcrmal Uptake Dietary Intake Fractional Absorption 

HAwK\DU2\maximum 

( 

3:57 PM911 2195 

1 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Bcnzo(a)pyrcne 

Concentration NOAEL 
Hazard 

Quotient 

Hazard 

Index I 

I I I 
I I I I I 5.80842 

i-N-octylphrhalate 

Concentration 

HAWK\OU2\maximum 4:oo PM9/12/95 



Dose Calculations for Individual Contaminants - Meximum Concentration 

Rouranthcnc 

Predicted 

Concem. 

Inlake 

Weight From Food from Meat 

Intake from Dcrmal Uptake Dietary Intake Fractional Absorption 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

hake Dcrmal Uptake Dietary Intake Frauional Absorption 

from Water Corn Soil Soil Air Intske Fraction 

H wK\OU2!maximum 

9 

3:57 PM9/12/95 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

ouranthenc 

Concentration DOSC NOAEL 

Hazard 

Quotient 

Hazard 

IlIdCX I 

Soil 

Water 

FOOd 

2.70Eal 5.40E-04 1.25E+OO 4.32Em 

OBOE+00 O.OOE+OO 1.25E+OO OBOE+00 

6.47E-03 1.89805 1.25E+OO 1.51E.05 

Air O.OOE+OOl O.OOE+OO( 1.25E+OO1 O.OOE+OO I 
kmal 

Soil OBOE +OO O.OOE+OO 1.25E+OO OBOE+00 

yrene 

Concentration NOAEL 

Hazard 

Quotient 

I-hard 

l&X 

ngwion 

Soil 

Water 

Food 

3.6OEal 7.20EGl 7.50Ea3 9.6OE-02 

O.OOE+OO OBOE+00 7.5OE-03 O.OOE+oO 

1 sl6E-02 6.43Ea 7.5OEXI3 8.57E-02 

nhalation 

Air 

kmsl 

Soil 

r0Ull 

O.OOE+OO O.OOE+oO 7.50E43 O.OOE+OO 

O.tME+OO O.OOE+!IO 7.50843 O.OOE+OO 

1.82E-01 

HAWK\OU2haximum 4:DD PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

E ,4’-DDD 

Predicted 

Concent 

Intake ’ Intake from hake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Food from Meal Vegetation from Water from Soil Soil from Air Intake Fraction 

E .4*-DDE 

Predicted Intake 

Concent Weight From Foal from Meat 

Intake from 

Vegetation 

Imake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

from Water from Soil Soil from Air Intake Fraction 

I. “\OU2\maximum 

t 

-- PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

l.4’-DDD 

Concentration 

mk!lkg 

NOAEL 

Hazard 

Quotient 

Hazard 

MCX 

Concentration DOSC NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

mdb WWaY 

I I I I I 
Otd 5.50E+OO 

HAWK\OU2Lnsximum 4107 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted Fractional Absorption 

Afpha-Chlordane 

Predicted Fractional Absorption 

4.m PM911 2195 

c 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Hazard Hazard 

IOdCX 

NOAEL 

Hazard 

Quotient 

Hazard 

IItdCX 

HAWK\OUZhaximum 4~07 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

boclor 1254 

Predicted intake Intake from hake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

Weight From Food from Mean 

Predicted 

Conccnt. 

Intake Intake from Intske Dermal Uptake Dietary Intake Uptake 

Weight From Food from Meat Vegetation from Water from Soil Soil from Air 

Fractional Absorption 

Intake Fraction 

LOOE+OO1 l.OOE4)1 

H ~K\OU2Lnaximum (I 4~03 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration NOAEL 
Hazard 

Quotient 

Hazard 

MCX 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

II&X 

HAWK\OU2!maximum 497 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

3ieldrin 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dictaty Intake uptake Fractional Absorption Pralictai 

from Water from Soil Soil from Air Illtake Fraction Doac 

Predicted intake Intake from 

H ~rK\DUZbnsximum 

Q 

4~03 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration DOSC NOAEL Quotient ltldCX 

NOAEL 
Hazard 

Quotient 

Hazard 

IlldCX 

HAWK\OUZhaximum 4:07 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Endrin aldchyde 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake uptake Fractional Absorption 

Hcptachlor 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Uptake Fractional Absorption 

s WK\OUZ\mrximum 4:03 PM9/12/95 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Endrin aldehydc 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

IlldCX 

Concentrarion Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

Soil 

Total 1.42E03 

HAWK\OU2hsximum 4:07 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

” --Chlordanc 

Prcdictal 

Concent. 

Intake 

Weight From Food from Meat 

Intake from Intake Dcrmal Uptake Dietary Intake Uptake Fractional Absorption 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Intake from Intake Derrnal Uptake Dietary Intake Fractional Absorption 

HAWK\OU2lmrximum 

( 

4:03 PM911 2195 

( 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Samma-Chlordane 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

Index 

Benzene 

Concentration NOAEL 

Hazard 

Quotient 

Hazard 

IIKICX 

HAWK\OUZbnaximum 4:07 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Predicted Intake Intake from Dermal Uptake Dietary Intake uptake Fractional Absorption 

Chlorobcnzcnc 

Predicted hake Intake from 

Food-veg. 

nhalation 

Air 

kllIlal 

Soil 

O.OOE+OO 0.OOE+OO l.OOB+OO l.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO l.OOE+OO l.OOE+OO OBOE+00 

O.OOE+OO O.tME+OO l.OOE+OO 1.50Ebl O.OOEtoO 

‘(: ‘“K\OU2haximum 

I - 



Dose Calculations for Individual Contaminants - Maximum Concentration 

is(2llhylhcxyl)phlhalare 

lorobenzcne 

Concentration Dose NOAEL 

Hazard 

Quotient 

Hazard 

Index I 

HAWK\OU2\maximum 4:07 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Zii-l ,‘L-Dichloroerhane 

Predicted Intake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Weight From Food from Meat 

.“5 c PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

3is-I .2-Dichloroclhane 

Concentralion Dose NOAEL 

Hazard 

Quotient 

Hazard 

l&X 

ngwtion 

Soil 

Water 

Food 

nhalation 

Air 

krmal 

Soil 

O.OOE+OO O.OOEtOO 4.52E-02 O.OOEtOO 

I .OOE’J3 5.62E-05 4.52E92 1.24E03 

O.OOE+OO OBOE+00 4.52E-02 O.OOEtOO 

O.OOE+OfJ O.OOE+Ml 4.52E-OZ O.OOEtOO 

O.OOEtOO O.OOEtOO 4.52E-02 O.OOE+OO 

HAWK\OU2\maximum 4339 PM9/12/95 



Dose Calculations for Individual Contaminants - Maximum Concentration 

inyl Chloride 

Predicred 

Concem. 

Intake 

Weight From Food from Meat 

Intake from 

VegeLation 

Intake Dermal Uptake Diebwy hake Fraaional Absorption Predicted 

from Water from Soil Soil Air Intake Fraction Dose 

drin 

Predicled Intake Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption Prediaed 

Concenl. Weight From Food from Mear Vegetation from WaIcr from Soil Soil Air Intake Fraction Dar 

hod-veg. 

lnlafion 

hir 

mlal 

#oil 

OBOE+00 O.OOE+OO l.M)EtOO l.WEtOO O.OOE+M 

0.OOEtOO 0.OOEtOO l.OOEtOO l.OOE+OO O.OOEto( 

OBOE +00 O.OOEtOO l.OOEtOO l.OOE-03 O.ODE+o( 

HAWK\OUthaximum 

t 

4~05 PM911 2195 

I 



Dose Calculations for Individual Contaminants - Maximum Concentration 

HAWK\OU2haximum 4:09 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

En&in 

Predicted 

Concent. 

lnfake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Dermal Uptake Dietary Intake 

from Water from Soil 

-indane 

Predicted Intake Intake from Intake Dermal Uptake. Dietary intake 

Weight From Food from Meat 

H WK\OUZbnrximum 

Q 

4:05 PM9/12195 

I 



Dose Calculafions for Individual Contaminants - Maximum Concentration 

ndrin 

Conccnuation Dose NOAEL 
Hmrd 

Quotient 

Hazard 

Index 

Water 

Food 

O.OOE+OO O.OOEtOO 3.OOE42 O.OOE+OO 

I .OOE04 5.62846 3.OOE-02 1.87844 
O.OOE+OO O.OOEtOO 3.OOEM O.OOEtOO 

O.OOE+OO O.OOE+OO 3 BOE-02 O.OOEtOO 

Soil O.OOE+OO OBOE+00 3.OOE42 0.OOE+OO 

I I I I I 
otal I .87E44 

indanc 

Conctnrration Dose NOAEL 

Hazard 

Quolicnt 

Hazard 

IIXICX 

Soil 
Waler 

*- 

OBOE+00 OBOE+00 2.ooEtcNI O.OOEtOO 
I .20E4M 6.7SE-06 2.00E+OO 3.3lE46 

O.OOEtOO O.OOEtOO 2.OOEtOO O.OOEtOO 

Inhalation 

Air 

Derrnal 

Soil 

OBOE+00 O.OOEtOO 2.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 2.OOEtOO O.OOEtOO 

I I I I 1 
olal I I I I 3.37E-06 

HAWK\OUZhaximum 499 PM911 2195 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Heptachlor Epoxide 

Predicted 

Conccnt. 

Intake 

Weight From Food from Meat 

Intake from Intake Dermal Uptake Dietary Intake Fractional Absorption 

Methylcne chloride 

Predicted Intake Intake from hake Dermal Uptake Dietary Intake Fractional Absorption 

Weight From Fond from Meat 

HAWK\OU2Lnaxlmum 

( 

4.05 PM911 2195 

t 



Dose Calculations for Individual Contaminants - Maximum Concentration 

Concentration 

HAWK\OU2\meximum 4~09 PM911 2195 



Dose Calculations for individual Contaminants - Maximum Concentration 

IIallium 

Predicted 

Concent. 

Intake 

Weight From Food from Meat 

Intake from 

Vegetation 

Intake Lkrmal Uptake Dietary Intake Fractional Absorption Predicted 

from Water from Soil Soil Air Intake Fraction Dose 

HAWK\OU2bnaximum 

( 

4~05 PM911 2195 

( 



APPENDIX L 

SOIL GAS SURVEY MAP 
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